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Dr. Kim Blisniuk, San Jose State
University
Topic: Tectonic Geomorphology of San Andreas
Fault in Southern California

SPEAKER:

The potential for a large-magnitude earthquake (Mw ≥ 7.5) on the
right-lateral strike slip San Andreas fault is generally considered high
in southern California. What is not known is the potential location of
surface rupture from such an event, because a consensus on the
primary fault at the surface in this region does not exist. Here, we use
geomorphic and geochronologic evidence to present the longest and
most continuous slip rate history for the San Andreas fault. This
record demonstrates the Mission Creek fault strand as the primary,
dominant plate boundary structure between the Pacific-North
American plates at the latitude of W116.325 and W116.250 in the
region of the San Gorgonio Pass and the Coachella Valley [contrary to
prior studies]. High, constant geologic slip rates of 22-26 mm/yr for
the past ~100,000 years were derived from offset paleochannels.
These paleochannels were dated over three different time intervals
using both U-series dating of soil carbonates that were deposited as
subsurface clast rinds, and 10Be terrestrial cosmogenic radionuclide
concentrations of surface clasts. These data, combined with published
paleoseismic studies imply that ca. 7.0 to 8.5 m of displacement have
accumulated here since ca. 1690, the last surface-rupturing
earthquake. Our findings underscore the seismic hazard posed by the
Mission Creek fault strand and its surface rupture potential in a future
San Andreas fault earthquake.
Biography: Dr. Blisniuk is a field geologist and geochronologist
interested in landscape evolution, earthquake geology, and tectonic
reconstructions of dynamic processes in the upper crust. She is
particularly interested in how crustal deformation at depth and
changes in Earth’s climate are archived on Earth’s surface, as this
information is critical for understanding regional climate and
tectonics. Her research implements a (continued on back page)
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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 been scheduled for 8:30 to 11 am on Saturday,
May 13. If you arrive much after 8:30, call Barbara
Matz (415) 713-8482 or Mark Sorensen (925) 2606942 to open the door.

NCGS 2016 – 2017 Calendar
April 26, 2017
7:00 pm
Dr. Mark Richards, UC Berkeley
Topic to be determined
May 31, 2017
Dinner meeting
6:00 pm
Dr. Greg Stock, National Park Service
The Rise and Fall of Sierra Nevada Glaciers
June 28, 2017
7:00 pm
Dr. Matthew J. James, Sonoma State University
Collecting Evolution:
The Galapagos Expedition that Vindicated Darwin

NCGS Field Trips
The following potential field trips are 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.

Thomas L. Wright
NCGS lost one of its most stalwart members and a force
in California geology on November 17, 2016, when
Thomas Lawton Wright passed away at the age of 86.
Tom received his Bachelor and Master of Science
degrees in geology at Stanford University and joined the
Standard Oil Company of California (SOCAL) in 1952.
He spent most of his 34-year career with SOCAL, now
Chevron Corporation, working in California and Alaska.

UC Berkeley Earth & Planetary
Science Weekly Seminar Series
Interesting seminars are presented in many weeks at EPS
throughout the academic year, generally from late
August through early May. This spring, remaining
seminars will be held on Thursdays from March 16
through May 4, with the exception of March 30, at 4 pm
at 141 McCone. Speakers are listed through May 4, but
not all titles are posted.
For an updated list of seminars,
http://eps.berkeley.edu/events/seminars.

go

Fresh out of Stanford, Tom did field geology in Salt
Lake City, then Salinas, California and Yakima,
Washington, followed by five years in Seattle. This was
in the early days of SOCAL’s Alaskan exploration
program and included being Field Party Chief from
1958-1960 on the North Slope. Those were the days of
summer rock collecting and mapping using helicopters
or, in tight budget years, on foot with only fixed wing
support. The remaining nine months of the year were
spent in photogeology and map preparation working up
the field traverses. This was almost a decade before the
Prudhoe Bay discovery.

to

A gentle reminder: It’s still Renewal Time!
Our year runs from September to September. If
you haven’t already renewed, please use the
Renewal Form on page 13 of the November
newsletter, or see the Treasurer at the next
meeting, at registration time.

In 1961, Tom was transferred to Los Angeles where he
became a true expert in the geology of the Los Angeles
basin. He was a key participant in several discoveries in
the basin. In a portent of things to come in his career,
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Tom did site investigations and provided testimony
following the Baldwin Hills Dam collapse in 1963.

Geophysicists. For his dedication in these efforts, Tom
was given AAPG’s Distinguished Service award in
1993, Certificate of Merit in 1996, DEG Honorary
Membership in 1999 and in 2000 received AAPG’s
third-highest Award, the Michael T. Halbouty Memorial
Human Needs Award, given to honor the outstanding
application of geology to the benefit of human needs and
to recognize scientific excellence.

After moving to the Bay Area in 1971 and working for
seven years on South American projects in the San
Francisco office of Chevron Overseas Petroleum Inc.,
Tom moved into environmental and public affairs
geology for Chevron, broadening into hydrogeology and
environmental geology. He served as exploration liaison
between the Western Oil and Gas Association and the
Outer Continental Shelf Coastal Zone Management
Committee of the API. He represented Chevron and the
industry in numerous hearings and negotiations covering
offshore and other joint industry programs. In these
activities, Tom encountered many people ignorant of our
profession and antagonistic to our industry. With his
unfailing good humor and highly knowledgeable
professional background, no one could have better
represented the industry’s side than Tom Wright.

Tom met his wife, Louise, in a chemistry lab at Stanford
and they soon were married. They had five children and
eight grandchildren and, so far, two great grandchildren.
He remained very involved with his family and will be
greatly missed by them and all who knew him. Tom
leaves a big hole not only in the ranks of premier
California geologists but in the remembrances of his
hundreds of friends.
Donald W. Lewis
Robert G. Lindblom

After retirement from Chevron in 1986, Tom continued
many outreach activities, including working with the
Southern California Earthquake Center (SCEC),
contributing his knowledge of the Los Angeles basin and
arranging many industry seismic lines to be contributed
to the SCEC. This work led to establishing the Center
for Los Angeles Basin Subsurface Geology at California
State University at Long Beach, commencing in 2001.
Tom finally found time in his retirement years to write
his 100-page paper, “Structural Geology and Tectonic
Evolution of the Los Angeles Basin, California”, which
was published in 1991 in AAPG Memoir 52 and which
remains the definitive reference on Los Angeles Basin
structural geology. It has been referred to as the “bible”
for geoscientists working on earthquake hazards and,
importantly, on the application to and history of oil and
gas exploration and development in the basin.

Richard Chambers Memorial
Scholarships
The Northern California Geological Society awarded
three $1,000 scholarships to students pursuing their
Masters Degrees and one $2,000 scholarship to a student
pursuing his Doctorate degree during the 2016-17
academic year. These scholarships are funded from the
Richard Chambers Memorial Scholarship funds. The
RCMS was established from a bequest that Mr.
Chambers made to the NCGS several years ago.
Scholarships are awarded each academic year.
Awardees are chosen from applicants who submit an
application that describes their proposed research thesis
projects on some aspect of earth sciences and/or
environmental earth sciences in northern California.

Tom was President of NCGS in 1974 and remained an
active participant in NCGS activities and field trips right
up to his passing. For the Pacific Section of AAPG, he
contributed for over three decades and did everything
including Editor, Treasurer, Finance chair, Field Trip
coordinator, Environmental chair, Vice-president and, in
1980-81, President. This outstanding service was
recognized in 1989 with the Section’s highest honor, the
Honorary Life Membership Award.

Students receiving $1,000 Richard Chambers Memorial
Scholarships at the Masters Degree level are:
Brittany Martin, San Jose State University.
“Serpentinite Alteration along the Maacama Fault as a
Mechanism for Fault Creep”. Faculty advisor is Dr.
Ellen Metzger.
Jessie Shields, California State University, Fresno.
“What are the pressure-temperature histories of rocks
found within a single mélange? What does this tell us
about the large-scale movement of material within
subduction zones?” Faculty advisor is Dr. John
Wakabayashi.

Tom joined national AAPG in 1952 and served on a
number of Committees including Visiting Petroleum
Geologist, House of Delegates, Business, and was very
active on the Environmental Geology Committee,
serving as Chair 1974-77, organizing six symposia, and
was an important proponent in the creation of the AAPG
Division of Environmental Geology (DEG). Tom served
on the DEG Advisory Board and on the Publications,
Membership, and Environmental Practices Committees.
He was a California Professional Geologist and served
on the Technical Advisory Committee of the California
State Board of Registration for Geologists and

Mark Szymanski, Humboldt State University.
“Understanding how mafic volcanic fields form on thick
continental crust”. Faculty advisor is Dr. Brandon
Browne.
The student receiving the $2,000 Richard Chambers
Memorial Scholarship at the Doctorate level is
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J.Scott Padgett, University of Rhode Island. “Changes
in fossil foraminiferal faunas suggest variable
subsidence during great earthquakes at northern
Humboldt Bay, California”. Faculty advisor is Dr.
Simon Engelhart.
NCGS members serving on the RCMS committee this
year were Phillip Garbutt, chair, Dr. Paul Henshaw,
Randy Kirby, Will Schweller and Dr. Ray Sullivan.

Humans Help Cook Up Mineral
Bounty
Scientists have identified 208 new minerals that owe
their existence wholly or in part to humans.
Ball-point pens will leave a tungsten carbide marker in
the geological record.

Many in the list have been found down old mine tunnels
or on slag heaps where water and even fire have had the
opportunity to work up novel compounds.
It is another example, the researchers argue, of our
pervasive influence on the planet. New minerals and
mineral-like compounds are now being formed faster
than at anytime in Earth's history, they say.
"These 200 minerals are roughly 4% of the total known
minerals, but they all occurred in the last couple of
thousand years, most in the last couple of hundred
years," explained Robert Hazen from the Carnegie
Institution for Science in Washington DC. “These
mineral formed either primarily or exclusively by a
human-mediated process.”

Mine product: Andersonite is a uranium-bearing
mineral.
In addition to mines, which seem to be a particularly
productive environment, the new minerals have been
found to occur inside smelters, old geothermal piping, on
the surfaces of archaeological artifacts, even inside
museum specimen drawers.
The 208 man-mediated minerals are listed by Prof Hazen
and colleagues in a paper just published by the
American Mineralogist.
They have all been approved by the International
Mineralogical Association. This organization operates
some quite tight definitions on the sorts of compounds
that can appear among the 5,200 entries in the official
catalogue. And the group that does not make the grade
is the huge number of mineral-like materials that have
been manufactured by humans for a specific purpose.

Fiedlerite formed where seawater met an ancient Greek
slag heap.
Minerals are specific combinations of chemical elements
arranged into crystalline structures. Earth's rocks are
built from different aggregations.

"Human synthesize thousands and thousands of
materials - semi-conductors, and laser crystals, and
magnets, and batteries, and building stone," said Prof
Hazen. "These have mineral-like materials that will
persist in the geological record for the next billion
years."

The likes of feldspar, quartz and mica will be known by
most people. But bobcookite, calclacite, or elyite are
obscure, to say the least.
Their existence is down to humans creating a setting
where chemical reactions can take place between
materials that might otherwise not have come into
contact.
4

The cements used to construct our cities contain
mineral-like materials.
Like many, metamunirite was found down a mine

It is further evidence, if more were needed, that Earth
has now entered a new epoch.

Imagine how much of that material is knocking around
the planet.

Currently, geologists label the time since the last ice age,
11,700 years ago, as the Holocene. But there is a push to
introduce a new classification to reflect the immense,
planet-wide changes driven by humans in recent decades
- and for it to be called the Anthropocene Epoch.

"We're ingenious at creating new mineral-like materials
for our own purpose, and it is actually these that will be
the voluminous signature of our presence on the planet,
rather than some fairly obscure mineral that develops in
a mine as a result of our excavation and then later
alteration."

The list of new man-mediated minerals bolsters the case.
Co-worker Marcus Origlieri from the University of
Arizona commented: "In the sediment layers left behind
from our age, future mineralogists will find plentiful
building materials such as bricks, cinder blocks, and
cement, metal alloys such as steel, titanium, and
aluminium, along with many lethal radioactive
byproducts of the nuclear age. They might also marvel at
some beautiful manufactured gemstones, like cubic
zirconia, moissanite, synthetic rubies, and many others."

Prof Hazen's team is part of the Deep Carbon
Observatory, an international network of nearly 1000
multi-disciplinary scientists committed to investigating
the quantities, movements, forms, and origins of carbon
in deep Earth.

And Edward Grew from the University of Maine added:
"These minerals and mineral-like compounds will be
preserved in the geological record as a distinctive,
globally distributed horizon of crystalline novelty - a
persistent marker that marks our age as different from all
that came before."
Colin Waters, from the British Geological Survey, is
secretary to the Anthropocene Working Group, which is
the body trying to draw up detailed criteria to define the
proposed new epoch. He echoed the statements of Prof
Hazen's team. The great changes occurring on Planet
Earth were being reflected in the mineralogical record,
just as they were in the chemistry of the atmosphere and
the oceans, he said.

Lead-containing nealite is another mineral produced
where seawater met slag.
Story Source: Written by Jonathan Amos, BBC Science
Correspondent, 2 March 2017, from BBC News website,
http://www.bbc.com/news/science-environment39133897.

Dr. Waters highlighted the ball-point pen as an example.
"The ball at the end is made from tungsten carbide.
Billions of them have been produced since the 1950s.
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perspective, or whether the tremendous energies
involved would melt any underlying structure. Again,
they found that a water-cooled device twice the size of
Earth could withstand the heat.

Could Fast Radio Bursts be
Powering Alien Probes?

They then asked, why build such an instrument in the
first place? They argue that the most plausible use of
such power is driving interstellar light sails. The amount
of power involved would be sufficient to push a payload
of a million tons, or about 20 times the largest cruise
ships on Earth. "That's big enough to carry living
passengers across interstellar or even intergalactic
distances," added Lingam.
To power a light sail, the transmitter would need to
focus a beam on it continuously. Observers on Earth
would see a brief flash because the sail and its host
planet, star and galaxy are all moving relative to us. As a
result, the beam sweeps across the sky and only points in
our direction for a moment. Repeated appearances of the
beam, which were observed but cannot be explained by
cataclysmic astrophysical events, might provide
important clues about its artificial origin.

An artist's illustration of a light-sail powered by a radio
beam (red) generated on the surface of a planet. The
leakage from such beams as they sweep across the sky
would appear as Fast Radio Bursts (FRBs), similar to
the new population of sources discovered recently at
cosmological distances.
Credit: M. Weiss/CfA

Loeb admits that this work is speculative. When asked
whether he really believes that any fast radio bursts are
due to aliens, he replied, "Science isn't a matter of belief,
it's a matter of evidence. Deciding what's likely ahead of
time limits the possibilities. It's worth putting ideas out
there and letting the data be the judge." The paper
reporting this work has been accepted for publication in
the Astrophysical Journal Letters.

The search for extraterrestrial intelligence has looked for
many different signs of alien life, from radio broadcasts
to laser flashes, without success. However, newly
published research suggests that mysterious phenomena
called fast radio bursts could be evidence of advanced
alien technology. Specifically, these bursts might be
leakage from planet-sized transmitters powering
interstellar probes in distant galaxies.

Story Source:
Materials provided by HarvardSmithsonian Center for Astrophysics.
Journal
Reference: Manasvi Lingam, Abraham Loeb. Fast
Radio Bursts from Extragalactic Light Sails.
Astrophysical Journal Letters, 2017.

"Fast radio bursts are exceedingly bright given their
short duration and origin at great distances, and we
haven't identified a possible natural source with any
confidence," said theorist Avi Loeb of the HarvardSmithsonian Center for Astrophysics. "An artificial
origin is worth contemplating and checking."

Discovery of Widespread Platinum
May Help Solve Clovis People
Mystery

As the name implies, fast radio bursts are millisecondlong flashes of radio emission. First discovered in 2007,
fewer than two dozen have been detected by gigantic
radio telescopes like the Parkes Observatory in Australia
or the Arecibo Observatory in Puerto Rico. They are
inferred to originate from distant galaxies, billions of
light-years away.
Loeb and his co-author Manasvi Lingam (Harvard
University) examined the feasibility of creating a radio
transmitter strong enough to be detectable across such
immense distances. They found that, if the transmitter
were solar powered, the sunlight falling on an area of a
planet twice the size of the Earth would be enough to
generate the needed energy. Such a vast construction
project is well beyond our technology, but within the
realm of possibility according to the laws of physics.
Lingam and Loeb also considered whether such a
transmitter would be viable from an engineering
6

University of South Carolina archaeologists found an
abundance of platinum -- an element associated with
cosmic objects like asteroids or comet -- at 11 Clovis
excavation sites across the United States.

He also says the platinum anomaly is similar to the welldocumented finding of iridium, another element
associated with cosmic objects, that scientists have
found in the rock layers dated 65 million years ago from
an impact that caused dinosaur extinction. That event is
commonly known as Cretaceous-Tertiary or K-Pg by
scientists.

Credit: South Carolina Institute for Archaeology and
Anthropology, University of South Carolina
No one knows for certain why the Clovis people and
iconic beasts -- mastodon, mammoth and saber-toothed
tiger -- living some 12,800 years ago suddenly
disappeared. However, a discovery of widespread
platinum at archaeological sites across the United States
by three University of South Carolina archaeologists has
provided an important clue in solving this enduring
mystery.

"In both cases, the anomalies represent the atmospheric
fallout of rare elements resulting from an extraterrestrial
impact," Moore says. He says the K-Pg dinosaur
extinction was the result of a very large asteroid impact
while the Younger-Dryas onset impact is likely the result
of being hit by fragments of a much smaller sized comet
or asteroid, possibly measuring up to two-thirds a mile in
diameter.

The research findings are outlined in a new study in
Scientific Reports, a publication of Nature. The study,
authored by 10 researchers, builds on similar findings of
platinum -- an element associated with cosmic objects
like asteroids or comets -- found by Harvard University
researchers in an ice-core from Greenland in 2013.

"Another difference is that the Younger-Dryas impact
event is not yet associated with any known impact
crater," Moore says. "This may be because the fragments
of the large object struck the glacial ice-sheet or
exploded in the atmosphere. Several candidate craters
are under investigation but have not been confirmed."

The South Carolina researchers found an abundance of
platinum in soil layers that coincided with the "YoungerDryas," a climatic period of extreme cooling that began
around 12,800 ago and lasted about 1,400 years. While
the brief return to ice-age conditions during the
Younger-Dryas has been well-documented by scientists,
the reasons for it and the demise of the Clovis people
and animals have remained unclear.

Moore says while his team's data does not contradict the
Young-Dryas impact hypothesis, it also does not explain
the likely effects that such an impact could have had on
the environment, Paleoindians or ice-age animals.
Contributing to the study is Moore's university
colleagues Mark Brooks, a geo-archaeologist who
conducts research and excavations at the Savannah River
Site, and archaeologist Albert Goodyear, who has spent
decades documenting Clovis culture at the famed Topper
site. Topper, located in Allendale County, South
Carolina, along the banks of the Savannah River, is
considered one of the most pristine U.S. sites for
research on Clovis, one of the earliest ancient people.

"Platinum is very rare in Earth's crust, but it is common
in asteroids and comets," says Christopher Moore, the
study's lead author. He calls the presence of platinum
found in the soil layers at 11 archaeological sites in
California, Arizona, New Mexico, Ohio, Virginia, North
Carolina and South Carolina an anomaly.

Goodyear's work with Moore builds on research in
which he found traces of extraterrestrial elements,
including iridium, at the Younger-Dryas layer at Topper
that was published in the Proceedings of the National
Academy of Sciences in 2012.

"The presence of elevated platinum in archaeological
sites is a confirmation of data previously reported for the
Younger-Dryas onset several years ago in a Greenland
ice-core. The authors for that study concluded that the
most likely source of such platinum enrichment was
from the impact of an extraterrestrial object," Moore
says.

Moore, Goodyear and Brooks conduct research through
the South Carolina Institute of Anthropology and
Archaeology in the university's College of Arts and
Sciences.

"Our data show that this anomaly is present in sediments
from U.S. archaeological sites that date to the start of the
Younger-Dryas event. It is continental in scale -possibly global -- and it's consistent with the hypothesis
that an extraterrestrial impact took place."

In addition to Topper, the remaining 10 archaeological
sites that Moore, Goodyear and others on their team
conducted research in 2016 included Arlington Canyon
on Santa Rosa Island, California; Murray Springs,
Arizona; Blackwater Draw, New Mexico; Sheriden
Cave, Ohio; Squires Ridge and Barber Creek, North
Carolina; and Kolb, Flamingo Bay, John Bay and Pen
Point, South Carolina.

He says the Younger-Dryas coincides with the end of
Clovis culture and the extinction of more than 35 species
of ice-age animals. Moore says while evidence has
shown that some of the animals were on the decline
before Younger-Dryas, virtually none are found after it.
Moore says that would indicate an extinction event for
North America.

Moore says the bottom line of the study and paper in the
journal Scientific Reports is the presence of an easily
identifiable hemispheric marker (platinum) in sediment
7

layers for the start of Younger-Dryas. That discovery
contributes to the body of evidence that a potential
cosmic impact event occurred and warrants further
scientific investigation.

Despite being only knows from the jaws, comparison
with living species suggests that this animal achieved a
body length in excess of a metre.
This is comparable to that of 'giant eunicid' species,
colloquially referred to as 'Bobbit worms' which are
fearsome and opportunistic ambush predators, using
their powerful jaws to capture prey such as fish and
cephalopods (squids and octopuses) and dragging them
into their burrows.

Story Source: Materials provided by University of
South Carolina. Original written by Peggy Binette.
Journal Reference: Christopher R. Moore, Allen West,
Malcolm A. LeCompte, Mark J. Brooks, I. Randolph
Daniel, Albert C. Goodyear, Terry A. Ferguson, Andrew
H. Ivester, James K. Feathers, James P. Kennett,
Kenneth B. Tankersley, A. Victor Adedeji, Ted E.
Bunch. Widespread platinum anomaly documented at
the Younger Dryas onset in North American
sedimentary sequences. Scientific Reports, 2017; 7:
44031 DOI: 10.1038/srep44031.

Lead author Mats Eriksson from Lund University said:
"Gigantism in animals is an alluring and ecologically
important trait, usually associated with advantages and
competitive dominance.
"It is, however, a poorly understood phenomenon among
marine worms and has never before been demonstrated
in a fossil species. The new species demonstrates a
unique case of polychaete gigantism in the Palaeozoic,
some 400 million years ago."

400-Million-Year-Old Gigantic
Extinct Monster Worm Discovered
in Canadian Museum

Co-author Luke Parry from the University of Bristol's
School of Earth Sciences, added: "It also shows that
gigantism in jaw-bearing polychaetes was restricted to
one particular evolutionary clade within the Eunicida
and has evolved many times in different species."
The specimens were collected over the course of a few
hours in a single day in June 1994, when Derek K
Armstrong of Ontario Geological Survey was dropped
by helicopter to investigate the rocks and fossils at a
remote and temporary exposure in Ontario.
Sample materials, from what proved to belong to the
Devonian Kwataboahegan Formation, were brought
back to the Royal Ontario Museum, where they have
been stored until they caught the eyes of the authors'.
David Rudkin from the museum said: "This is an
excellent example of the importance of looking in
remote and unexplored areas for finding new exciting
things, but also the importance of scrutinizing museum
collections for overlooked gems."

This is a photograph showing the holotype of
Websteroprion armstrongi.
Credit:
Luke
Parry
A previously undiscovered species of an extinct
primordial giant worm with terrifying snapping jaws has
been identified by an international team of scientists.

The species has been named Websteroprion armstrongi.
This honours Armstrong, who collected the material, and
bass player extraordinaire, Alex Webster of Death Metal
band Cannibal Corpse, since he can be regarded as a
'giant' when it comes to handling his instrument.

Researchers from the University of Bristol, Lund
University in Sweden and the Royal Ontario Museum
studied an ancient fossil, which has been stored at the
museum since the mid-1990s, and discovered the
remains of a giant extinct bristle worm (the marine
relatives of earthworms and leeches). The findings are
published in Scientific Reports.

Luke Parry added: "This is fitting also since, beside our
appetite for evolution and paleontology, all three authors
have a profound interest in music and are keen hobby
musicians."

The new species is unique among fossil worms and
possessed the largest jaws ever recorded in this type of
creature, reaching over one centimetre in length and
easily visible to the naked eye. Typically, such fossil
jaws are only a few millimetres in size and need to be
studied using microscopes.

Story Source: Materials provided by University of
Bristol.
Journal Reference: Mats E. Eriksson, Luke A. Parry,
David M. Rudkin. Earth’s oldest ‘Bobbit worm’ –
gigantism in a Devonian eunicidan polychaete.
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Reports,
10.1038/srep43061.
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43061
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Lab's Advanced Light Source (ALS) and at Argonne
National Laboratory's Advanced Photon Source (APS).
The X-ray experiments showed that whitlockite can
become dehydrated from such shocks, forming merrillite
(Ca18Na2Mg2[14PO4]), a mineral that is commonly
found in Martian meteorites but does not occur naturally
on Earth.

Water-rich history on Mars: New
evidence
Shock experiments show how mineral found in
Martian meteorites may provide clues to ancient
abundance of water

"This is important for deducing how much water could
have been on Mars, and whether the water was from
Mars itself rather than comets or meteorites," said
Martin Kunz, a staff scientist at Berkeley Lab's ALS
who participated in X-ray studies of the shocked
whitlockite samples.
"If even a part of merrillite had been whitlockite before,
it changes the water budget of Mars dramatically," said
Oliver Tschauner, a professor of research in the
Department of Geoscience at UNLV who co-led the
study with Christopher Adcock, an assistant research
professor at UNLV.
And because whitlockite can be dissolved in water and
contains phosphorus, an essential element for life on
Earth -- and merrillite appears to be common to many
Martian meteorites -- the study could also have
implications for the possibility of life on Mars.
"The overarching question here is about water on Mars
and its early history on Mars: Had there ever been an
environment that enabled a generation of life on Mars?"
Tschauner said.

This view of Mars was created from about 1,000 Viking
Orbiter images.
Credit: NASA Jet
Geological Survey

Propulsion

Mars may have been a wetter
thought, according to research
meteorites conducted, in part,
Energy's Lawrence Berkeley
(Berkeley Lab).

Laboratory,

The pressures and temperatures generated in the shock
experiments, while comparable to those of a meteorite
impact, lasted for only about 100 billionths of a second,
or about one-tenth to one-hundredth as long as an actual
meteorite impact.

U.S.

place than previously
on simulated Martian
at the Department of
National Laboratory

The fact that experiments showed even partial
conversion to merrillite in these lab-created conditions, a
longer duration impact would likely have produced
"almost full conversion" to merrillite, Tschauner said.
He added that this latest study appears to be one of the
first of its kind to detail the shock effects on synthetic
whitlockite, which is rare on Earth.

In a study published today in the journal Nature
Communications, researchers found evidence that a
mineral found in Martian meteorites -- which had been
considered as proof of an ancient dry environment on
Mars -- may have originally been a hydrogen-containing
mineral that could indicate a more water-rich history for
the Red Planet.

Researchers blasted the synthetic whitlockite samples
with metal plates fired from a gas-pressurized gun at
speeds of up to about half a mile per second, or about
1,678 miles per hour, and at pressures of up to about
363,000 times greater than the air pressure in a
basketball. "You need a very severe impact to accelerate
material fast enough to escape the gravitational pull of
Mars," Tschauner said.

Scientists at the University of Nevada, Las Vegas
(UNLV), who led an international research team in the
study, created a synthetic version of a hydrogencontaining
mineral
known
as
whitlockite
(Ca9[MgFe][PO4]6PO3OH).

At Berkeley Lab's ALS, researchers used an X-ray beam
to study the microscopic structure of shocked
whitlockite samples in a technique known as X-ray
diffraction. The technique allowed researchers to

After shock-compression experiments on whitlockite
samples that simulated the conditions of ejecting
meteorites from Mars, the researchers studied their
microscopic makeup with X-ray experiments at Berkeley
9

differentiate between merrillite and whitlockite in the
shocked samples.

Story Source: Materials provided by DOE/Lawrence
Berkeley National Laboratory.

Separate X-ray experiments carried out at Argonne Lab's
APS showed that up to 36 percent of whitlockite was
transformed to merrillite at the site of the metal plate's
impact with the mineral, and that shock-generated
heating rather than compression may play the biggest
role in whitlockite's transformation into merrillite.

Journal Reference: C. T. Adcock, O. Tschauner, E. M.
Hausrath, A. Udry, S. N. Luo, Y. Cai, M. Ren, A.
Lanzirotti, M. Newville, M. Kunz, C. Lin. Shocktransformation of whitlockite to merrillite and the
implications for meteoritic phosphate. Nature
Communications,
2017;
8:
14667
DOI:
10.1038/NCOMMS14667.

There is also evidence that liquid water flows on Mars
today, though there has not yet been scientific proof that
life has ever existed on Mars. In 2013, planetary
scientists reported that darkish streaks that appear on
Martian slopes are likely related to periodic flows of
water resulting from changing temperatures. They based
their analysis on data from NASA's Mars
Reconnaissance Orbiter.

Flecks of Extraterrestrial Dust, All
Over the Roof

And in November 2016, NASA scientists reported that a
large underground body of water ice in one region of
Mars contains the equivalent of all of the water in Lake
Superior, the largest of the Great Lakes. Rover
explorations have also found evidence of the former
abundance of water based on analysis of surface rocks.
"The only missing link now is to prove that (merrillite)
had, in fact, really been Martian whitlockite before,"
Tschauner said. "We have to go back to the real
meteorites and see if there had been traces of water."
Adcock and Tschauner are pursuing another round of
studies using infrared light at the ALS to study actual
Martian meteorite samples, and are also planning X-ray
studies of these actual samples this year.
Many Martian meteorites found on Earth seem to come
from a period of about 150 million to 586 million years
ago, and most are likely from the same region of Mars.
These meteorites are essentially excavated from a depth
of about a kilometer below the surface by the initial
impact that sent them out into space, so they aren't
representative of the more recent geology at the surface
of Mars, Tschauner explained.

Varieties of space dust, barely the width of a human
hair. These photomicrographs were made with a special
camera setup that magnifies the dust grains nearly 3,000
times. These examples of space dust found on Earth are
collected in a new book, “In Search of Stardust:
Amazing Micro-Meteorites and Their Terrestrial
Imposters,” and were found on buildings, parking lots,
sidewalks and park benches.

"Most of them are very similar in the rock composition
as well as the minerals that are occurring, and have a
similar impact age," he said. Mars is likely to have
formed about 4.6 billion years ago, about the same time
as Earth and the rest of our solar system.

Credit: Jan Braly Kihle/Jon Larsen
After decades of failures and misunderstandings,
scientists have solved a cosmic riddle — what happens
to the tons of dust particles that hit the Earth every day
but seldom if ever get discovered in the places that
humans know best, like buildings and parking lots,
sidewalks and park benches.

Even with more detailed studies of Martian meteorites
coupled with thermal imaging of Mars taken from
orbiters, and rock samples analyzed by rovers traversing
the planet's surface, the best evidence of Mars' water
history would be an actual Martian rock taken from the
planet and transported back to Earth, intact, for detailed
studies, researchers noted.

The answer? Nothing. Look harder. The tiny flecks are
everywhere.

"It's really important to get a rock that hasn't been
'kicked'" like the Martian meteorites have, said Kunz, in
order to learn more about the planet's water history.

An international team found that rooftops and other
cityscapes readily collect the extraterrestrial dust in ways
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that can ease its identification, contrary to science
authorities who long pooh-poohed the idea as little more
than an urban myth kept alive by amateur astronomers.

true stardust. Their diversity makes them excellent
windows on the cosmos.

Remarkably, the leader of the discovery team — and coauthor of a recent paper in Geology, a monthly journal
of the Geological Society of America — turns out to be
a gifted amateur who devoted himself to disproving the
skeptics.

Scientists have found micrometeorites mainly in the
Antarctic, remote deserts and other places far from
civilization’s haze. Starting in the 1940s and 1950s,
investigators tried to find them in urban areas but
eventually gave up because of the riot of human
contaminants.

A noted jazz musician in Norway, he rearranged his life
to include eight long years of extraterrestrial sleuthing.
His hunt has now produced a significant discovery, a
colorful book for lay readers and what scientists call a
portrait gallery of alien visitors.

Significantly, it turns out that specialists trying to
establish the cosmic origins of the tiny specks have
tended to examine their chemical signatures rather than
their overall appearance. That left a large opening for
Mr. Larsen.

“I hope and believe this will start something,” the
musician, Jon Larsen, said in an interview. His goal?
“Making it easy.”

Matthew J. Genge, one of the Geology paper’s four
authors and a senior lecturer in earth and planetary
science at Imperial College, London, used an electron
microprobe at the Natural History Museum in London to
determine the chemical makeup of Mr. Larsen’s finds
and confirm their cosmic origin.

His book, “In Search of Stardust: Amazing MicroMeteorites and Their Terrestrial Imposters,” due out in
August, details the secret of his extraordinarily
successful hunts. Its 150 pages and 1,500
photomicrographs, or photos taken through a
microscope, tell how Mr. Larsen taught himself to
distinguish cosmic dust from the minuscule
contaminants that arise from roads, shingles, factories,
roof tiles, construction sites, home insulation and
holiday fireworks.

In an interview, he said that, over all, the grains that
survive the atmospheric plunge and land on the Earth’s
surface add up to more than 4,000 tons annually, or more
than 10 tons a day. “He’s done a valuable thing in
classifying the contaminants,” Dr. Genge said of Mr.
Larsen’s work. “It has wide-reaching implications.”
Donald E. Brownlee, an astronomer at the University of
Washington who helped establish the field, called Mr.
Larsen a true citizen scientist whose work will aid the
global hunt for the tiny specks.

As his book puts it, “To pick out one extraterrestrial
particle among billions of others requires knowledge
The diminutive flecks to which Mr. Larsen, 58, has
devoted himself represent the smallest parts of a cosmic
downpour that has lashed the Earth for billions of years.

“Your car is covered with cosmic dust,” Dr. Brownlee
said. “We inhale this stuff. We eat it every time we eat
lettuce. But normally, it’s incredibly difficult to find.”

Careful observers of the night sky are familiar with
shooting stars — speeding bits of extraterrestrial rock
that plunge through the Earth’s atmosphere, often
burning up completely. The biggest can strike the
ground, some forcefully enough to dig craters. In 2013, a
relatively small rock exploded over the Russian city
Chelyabinsk, releasing a shock wave that injured
hundreds of people, mainly as windows shattered into
flying glass.

Mr. Larsen came to what he calls Project Stardust as a
jazz guitarist in Norway, perhaps known best as the
founder of Hot Club de Norvege, a string quartet. His
group helped spur the global revival of gypsy jazz.
As Mr. Larsen tells the story, he was an enthusiastic rock
collector as a child but did so well as a musician that he
set aside his early scientific ambitions. Then, in 2009, at
a country house outside Oslo, he was cleaning an
outdoor table when a bright speck caught his eye. “It
was blinking in the sunlight,” he recalled. He touched
the fleck. “It was angular in some way, kind of metallic
but so small — a tiny dot.”

But all that represents a tiny fraction of the downpour.
Scientists say most of the cosmic material is remarkably
small — barely the width of a human hair. Known as
micrometeorites, they rain down on the planet more or
less continuously but have proved remarkably hard to
find. Some bits are so small and lightweight that they
drift down to the Earth’s surface without melting.

Intrigued, Mr. Larsen suspected it was a cosmic visitor
and began to look for more. He collected dust samples
from Oslo and cities around the globe, moonlighting as a
scientist while vacationing or touring with his jazz
group. He took samples from roads, roofs, parking lots
and industrial areas.

The dust consists of tiny remnants from the solar
system’s birth, including debris from the lumps of dirty
ice known as comets and from ages of smashups among
planets and the big rocks known as asteroids. While
most of the particles are interplanetary in nature, some
contain grains of matter from outside the solar system, or

Put indelicately, he collected hundreds of pounds of
dreck — sludge from drains, gutters and downspouts, the
dregs of civilization that most people try to avoid. “Still,
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I didn’t find a single micrometeorite,” he recalled. “It
was very frustrating.”

The team described the cosmic dust as the youngest
collected to date, because gutters tend to get cleaned
fairly regularly. Also, urban surfaces are recent arrivals
in the global landscape compared to polar ice and
ancient deserts.
In his travels, Mr. Larsen recently visited with Michael
E. Zolensky, an extraterrestrial materials scientist in
Houston at the Johnson Space Center of the National
Aeronautics and Space Administration. They not only
talked shop but also went up to the roof of the large
building that houses rocks from the Apollo moon
program. “It was pretty cool,” Dr. Zolensky said. “The
curation building is now a collector of cosmic dust.”
In an interview, Mr. Larsen described his method —
sorting through the contaminants in a process of
elimination — as “something that anybody can do. It
could and should become part of teachings in schools, an
aspect of citizen science.”

Jon Larsen looking for micrometeorites on a roof. He
was an enthusiastic rock collector as a child in Norway
but became a professional musician. His quest for space
dust began in 2009.
Credit: Morten Bilet

Dr. Brownlee of the University of Washington agreed.
He said that, while many schools try to find cosmic dust
particles in programs meant to make science classes
more inviting and accessible, few if any succeed. “It
could help a lot,” he said of Mr. Larsen’s method. “For
education, it’s pretty cool.”

Mr. Larsen then changed tactics. Rather than looking
exclusively for cosmic dust, he taught himself how to
classify the dozens of different kinds of earthly
contaminants, starting a process of elimination that
slowly narrowed the candidates and raised the chances
that some tiny fraction of the urban debris might turn out
to belong to the cosmos.

Dr. Genge of Imperial College said Mr. Larsen’s
techniques, if adopted widely, might also open a new
lens on the cosmos. The gravitational pull of the planets,
he noted, appear to tug on the dust clouds of the solar
system and slowly change their orbits. He said a wave of
new terrestrial finds could help scientists better map the
clouds, raising more questions for science about the
structure of the universe.

The breakthrough came two years ago. In London, Dr.
Genge studied one of the gathered particles — from
Norway, not Timbuktu — and confirmed that it was
indeed a traveler from outer space. Mr. Larsen quickly
identified hundreds more. “Once I knew what to look
for, I found them everywhere,” he said.

“I consider my microscope a telescope,” Dr. Genge said.
“It can give you a pretty big picture.”
Story Source: New York Times article by William J.
Broad, March 10, 2017, retrieved from website
https://www.nytimes.com/2017/03/10/science/spacedust-on-earth.html.

In the Geology paper, the scientific team reports the
discovery of about 500 micrometeorites — collected
mainly from roof gutters in Norway — and tells of the
detailed analysis of 48 of the extraterrestrial specks. The
team includes two of Dr. Genge’s students, Martin D.
Suttle of Imperial College and Matthias Van Ginneken
of the Université Libre in Brussels.

12

NORTHERN CALIFORNIA GEOLOGICAL SOCIETY

NCGS DINNER MEETING Wednesday May 31, 2017
Orinda Masonic Center, 9 Altarinda Road, Orinda, CA

The Rise and Fall of Sierra Nevada Glaciers
Dr. Greg Stock, National Park Service
(Reservations are required by May 26, 2015; 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. Stock. This annual event will be
catered by Back Forty Texas BBQ and consist of Pork Ribs and BBQ Chicken, Tossed Green Salad,
BBQ Beans, and Fresh Corn Cobettes. A deluxe veggie burger is available upon request (see below).
Dessert will include assorted cookies and brownies. Wine will also be served.
Greg Stock is the first-ever Park Geologist at Yosemite National Park. He has B.S. and Ph.D. (U.C.
Santa Cruz) degrees in geology and earth science, and was a researcher at the University of Michigan
prior to accepting the job at Yosemite in 2006. Greg's research interests are primarily in
geomorphology, and include glacial erosion, river dynamics, and hillslope processes such as rock falls
and debris flows.
A summary of the presentation will be provided in the May newsletter.
**********************************Dinner Logistics***************************************
Social Hour: 6:00 – 6:45 pm; Dinner: 6:45 – 8:00 pm; Presentation: 8:00 – 9:00 pm
Cost: $25/person
*******************

" *************Registration ******************************************

Name(s):
E-mail:
Phone (day):
Check one per person: Regular Dinner:

Phone (cell)
Vegetarian:

# Attending

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

(continued from page 1): variety of field and
laboratory tools aimed at characterizing and
quantifying rates of active landscape modification.
These tools include geochronology (specifically
terrestrial cosmogenic radionuclides and U-series
dating), structural and geomorphic mapping, the
analysis of high-resolution topography data, GIS,
and the application of mechanical models to
simulate the behavior of the structures observed in
the field.
Map Courtesy of Dan Day
N

Northern California Geological Society
c/o Mark Sorensen
734 14th Street, #2
San Francisco, CA 94114

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.
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