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MEETING ANNOUNCEMENT 
 

DATE: March 28, 2018 
LOCATION: Orinda Masonic Center, 9 Altarinda Rd., Orinda 
  (see map on back page) 
TIME: 6:30 – 7:00 p.m.:  Social; 7:00 p.m.:  Presentation   

SPEAKER:           Dr. Thomas C. MacKinnon  

TOPIC:    “Early Accretionary History of the 
Franciscan Complex as inferred from 
the Yolla Bolly/Black Butte area of the 
Eastern Belt” 

In Northern California, the earliest intact accreted rocks in the 
Franciscan are exposed in the Eastern Belt. The Belt extends 
uninterrupted over 200 km north to south and is differentiated from 
the adjacent Central Belt by a higher metamorphic grade, lack of mud 
matrix mélange and the presence of schist and semi-schist in some 
areas. 
The largest and most intact part of the Eastern belt is in the Yolla 
Bolly-Black Butte area.  Here the rocks can be divided into three 
eastward dipping units based on textural grade: from east to west 
these are the South Fork Mountain Schist (SFMS), Valentine Spring 
semi-schist, and non-schistose Yolla Bolly rocks.  The units are 
arranged in an inverse metamorphic gradient with the highest grade 
rocks (SFMS) faulted against the distinctively less metamorphosed 
Coast Range Ophiolite and Great Valley Sequence. 
Project 1. The nature of the contacts between the three main units has 
been the subject of controversy for many years as some workers 
believe they are gradational while others favor thrust fault contacts 
(Log Spring and Sulfur Creek faults as mapped on the current 
1:100,000 USGS map).  Fault advocates believe that the faults were 
active after completion of blueschist facies metamorphism resulting in 
“jumps” in textural and metamorphic grade across the contacts. In 
addition, they believe the faults separate units of relative coherent 
internal stratigraphy or distinguishing rock type.  The mapped faults 
are major features, extending over 60 km north to south.  In order to 
help solve the fault versus gradational controversy, structure, 
stratigraphy, and textural grade were studied in a number of traverses 
that cross the supposed fault contacts.  The data show that the contacts 
are clearly gradational in all areas studied except one: in Thomes 
Creek, a fault inferred to be of local, not      (continued, last page)  
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NCGS 2017 – 2018 Calendar 
April 25, 2018                                  7:00 pm 

Dr. Andrew Gunther 
Talking Climate Change 

May 30, 2018            Dinner Meeting            6:00 pm 
Dr. Isabel Montanez, UC Davis and President – 

Geological Society of America 
Reconstructing precipitation patterns in California 

during past warmings and coolings of the last 20,000 
years 

June 27, 2018                                  7:00 pm 
Dr. Janet Watt, USGS Research Geophysicist 

Underwater Secrets of the Hayward Fault Zone: 
Integrated 3D imaging to understand earthquake 

hazards 
 

 

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. 

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

• Ring Mountain (Marin Co.) exotic lithologies and 
exotic plants (Spring or Summer) 

• 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. 
 

2017-2018 AWARDEES of the 
Richard Chambers Memorial Scholarship 
We are pleased to announce that the Northern California 
Geological Society awarded three $ 1,000 scholarships 
to students pursuing graduate degrees during the 2017-
2018 Academic Year.  The NCGS awards these 
scholarships from the Richard Chambers Memorial 
Scholarship fund with additional contributions from 
members of the NCGS.  Recipients of the RCMS are 
chosen from applicants who submit an application that 

describes their proposed research/thesis projects on some 
aspect of the Earth Sciences or Environmental Earth 
Sciences in northern California.  This year NCGS 
received applications from seven students who are 
attending one of the following schools; UC Berkeley, 
UC Santa Cruz, Fresno State Univ., Humboldt State 
Univ., and Sacramento State Univ.  

 The students receiving Richard Chambers Memorial 
Scholarships are: 

    Kimberley Bitterwolf, PhD candidate at U. C. Santa 
Cruz.  Faculty advisor Dr. Adina Paytan.  Her research 
“The Effects of Coastal Geology on Non-Traditional 
Stable Isotopes (Sr and Ca) in Northern California.” 

   Nick Hawthorne, M.S. candidate at Humboldt State 
University.  Faculty advisor Dr. Jasper Oshua.  His 
research is …”investigating the geomorphology of the 
Salmon River and the legacy impacts from hydraulic 
mining dating back to the 1850’s”. 

   Marcus V.A.O. Pacheco, M.S. candidate at Fresno 
State University.  Faculty advisor Dr. Alain Plattner.  
His research is …”directed to the application of near-
surface geophysical methods to map the volume and 
internal structure of the Royal Arches Rock Avalanche 
deposit in Yosemite National Park.” 

Serving on the Scholarship Committee were Phillip 
Garbutt, chair, Paul Henshaw, John Karachewski, and 
Will Schweller. 
 

THE GEOLOGY OF MOUNT DIABLO  
A Volume to be Published by the Geological 
Society of America in 2019 as a Special 75th 
Anniversary Publication with Our Society 

Volume Editors:  Ray Sullivan, Doris Sloan, Dave 
Schwartz, and Jeff Unruh 

NCGS Editorial Committee:  Greg Bartow, Will 
Schweller, Don Lewis, Phil Reed, Mark Sorensen, 
Paul Henshaw, Barb Matz, Tom MacKinnon, and 

Noelle Schoelkopf 

A BRIEF OUTLINE OF THE VOLUME 

CHAPTER 1 – INTRODUCTION.  Greg Bartow will 
introduce the history of research for Mount Diablo. 
The Whitney Party came through the area, John Muir 
made his home nearby, and UC Berkeley held their 
summer mapping courses in the area for many 
decades.  Mt Diablo Coalfield supplied coal to the 
region during the 19th century.  The occurrence of the 
coal in the Domengine Formation and the methods 
used to extract the coal will be discussed by Ray 
Sullivan, Pat Dedmon and the staff at Black Diamond 
Mines Regional Preserve.  Bill Motzer will discuss the 
geology on the mercury deposits mined on Mount 
Diablo.  These deposits were used in the recovery of 
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gold from the Mother Lode.  The second oil well 
drilled in California was located on the flanks of the 
mountain in 1869.  An account of the oil and 
gas fields located on the flanks of the mountain will 
be contributed by Tim Elam and Scott Hector.  

Mount Diablo from Marsh Creek Road.  Courtesy of 
Ray Sullivan. 

CHAPTER 2 deals with interpreting the complex 
structure of Mt Diablo that resulted in the oceanic 
crust and Franciscan being thrust up to form the 
summit of the mountain.  Russ Graymer will provide 
the regional structural setting.  He will describe the 
tectonostratigraphic overview and then present in 
more detail the stratigraphic and structural framework 
of Mt Diablo.  Ron Crane will give his interpretation 
of the stages in the development of structure of Mt 
Diablo.  John Wakabayashi will focus on his recent 
studies on the blueschist facies of the Franciscan 
subduction complex that make up the structurally 
lowest rocks of the Mt Diablo core complex.  Jeff 
Unruh plans to submit his recent work on a 
reconstruction of the 3-D structure of the extensional 
fault system in the Cretaceous-Tertiary section above 
the Franciscan on the flanks of the mountain.  Alan 
Nunns and Nate Eichelberger propose to submit 
quantitative kinematic models for the structural 
development of Mount Diablo using Unruh’s cross-
sections that were previously published in a GSA 
bulletin.  Sullivan, Carl Schaffer, Jeff Unruh and Alan 
Deino are studying Pliocene basalt flows on the north 
flank that originated from feeder dikes associated with 
the Clayton fault.  These flows postdate the structural 
folding and fault of the Mount Diablo structure. The 
basalts have been uplifted in the Los Medanos hills on 
the north flank of Mount Diablo.  Dating these lavas 
will provide the uplift rates.  A similar study on the 
rhyodacite domes, which are probably of Pliocene 
age, is being authored by Bill Motzer, Ryan Fay, Ross 
Wagner, Ray Sullivan and David Mustart. David 

Schwartz will present the final paper of this chapter, 
focusing on the recent seismicity along the active 
faults flanking the mountain.  Also discussed will be 
the probable cause of recent swarms of tremors in the 
San Ramon area, and offset rates along the faults. 

CHAPTER 3 is on regional stratigraphy.  The flanks 
of the mountain are composed of the Great Valley 
Sequence and a thick Tertiary succession.  Little has 
been published on these rocks in the past 50 years 
since the pioneer work in the early and mid 20th 
century by B.L. Clark and his students at Berkeley.  
This section of the volume will update the stratigraphy 
and provide greater detail of the rocks on the north 
and south flanks.  The first paper by Ross Wagner and 
a select group of contributors is a regional 
stratigraphic and structural study focusing on the 
Miocene rocks. This paper revises existing 
stratigraphic interpretations and addresses the impact 
of the developing geologic structures on the 
distribution of lithology and depositional 
environments in the Miocene sequences between the 
Calaveras and Hayward faults.  New age dates from 
tephra deposits and mammalian fossils provide a more 
detailed correlation of the Miocene section in the Mt 
Diablo area with those to the west.  Andrei Sarna-
Wojcicki, Stephen Edwards, Ryan Fey, Elmira Wan, 
and Alan Deino have worked closely with Ross on the 
mapping, stratigraphy and interpret the provenance of 
the tephra deposits.  The paper by Ray and Morgan 
Sullivan is a study of the Tertiary sequences along the 
flanks of Mt Diablo.  The study is a continuation of 
their previously published work on the middle Eocene 
sequences.  This paper will focus on the overlying 
mid-Tertiary succession that records the change from 
subduction to transform on the plate boundary.  Jared 
Gooley and Steve Graham will present their work on 
detrital zircons as indicators of the tectonic evolution 
of central California.  They have studied the 
petrographic composition and zircon age distribution 
of the rocks in Great Valley forearc basin.  Their study 
will provide new data on the provenance and 
depositional systems. The final paper is the paper by 
Andrei Sarna-Wojcicki on a review of age and 
provenance of the Tertiary tephra deposits, many of 
which are found in the succession on the mountain 
flanks. 

CHAPTER 4.  Paleontology has also played an 
important part in determining the age and depositional 
environment of the Tertiary sequences.  Many of the 
type sections of the Tertiary formations are found on 
the flanks of Mount Diablo.  The paleontology 
contributions include Kris McDougall’s paper on the 
foraminifera zonation.  Kris is planning on expanding 
on her previous studies by placing the microfossil 
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assemblages, ages and environments in a regional 
setting.  Diane Erwin of UC Berkeley will present a 
review on the paleoflora growing in the Mount Diablo 
region during the Cenozoic.  This work will dovetail 
with Fisk’s paper on the palynology.  Together they 
will cast light on regional vegetation and 
paleoclimates.  Lanny Fisk's first paper is on the 
palynology of the Upper Markley Sandstone and 
Kirker Formation.  It will be the first detailed study of 
the pollen and spores in the mid Tertiary rocks.  Fisk’s 
second paper in this chapter is on the occurrence of 
Pleistocene fish remains in the Sacramento River 
deposits near Pittsburg.  These river deposits located 
in the Carquinez Straits represent the first Quaternary 
marine invertebrates reported from inland northern 
California and appear to record previous unknown 
marine transgression into the Sacramento 
Valley during interglacial high stands of sea level. 

This outline was provided by Ray Sullivan. 

The Society Is Looking for Manuscript Reviewers 
and also Donations to Help Cover the Cost of the 

Anniversary Volume. 
 

San Francisco Bay Area Science Fair is 
now Golden Gate STEM Fair 

The 2018 GGSF will be held the week of March 19 at 
the usual SFBASF site, the San Francisco County Fair 
Building at 9th and Lincoln in Golden Gate Park.  For 
details see http://www.goldengatestemfair.org. 
 

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.  
 

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.  Either mail 
it, or hand it to the Treasurer at meeting registration.  
 

 

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 will be held at this 
address at 8:30 am on Sat., May 5, 2018.  

 

Pacific Section of AAPG Convention 
The Pacific Section of the American Association of 
Petroleum Geologists (PSAAPG) will hold its annual 
convention from April 22 to 25, 2018 in Bakersfield, 
CA.  The call for abstracts has gone out.  See: 

https://www.psaapg.org/2018convention/ 
 
 
 

NCGS Outreach Events 

There are no outreach events in the next month.  
However, we can still use a laptop , as well 
as nice specimens of 

from the Greater Bay Area; 
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 and 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. 
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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, but are commonly scheduled for the previous 
Thursday to accommodate speakers.  On March 22 
at 7 pm, Erich Peitzsch, USGS Physical Scientist, 
will present a lecture titled Snow and Avalanche 
Science: Highlights of applied avalanche research 
and forecasting.  For more information on the 
lectures, and for a map of the location, go to: 
https://online.wr.usgs.gov/calendar/. 
 

Human-made earthquake risk 
reduced if fracking is 895 m from 

faults  
ScienceDaily, February 27, 2018 

The risk of human-made earthquakes due to fracking 
is greatly reduced if high-pressure fluid injection used 
to crack underground rocks is 895 m away from faults 
in the Earth's crust, according to new research. 

The recommendation, from the ReFINE (Researching 
Fracking) consortium, is based on published 
microseismic data from 109 fracking operations 
carried out predominantly in the USA. 

Jointly led by Durham and Newcastle Universities, 
UK, the research looked at reducing the risk of 
reactivating geological faults by fluid injection in 
boreholes. Researchers used microseismic data to 
estimate how far fracking-induced fractures in rock 
extended horizontally from borehole injection points. 

The results indicated there was a one per cent chance 
that fractures from fracking activity could extend 
horizontally beyond 895 m in shale rocks. There was 
also a 32 per cent chance of fractures extending 
horizontally beyond 433 m, which had been 
previously suggested as a horizontal separation 
distance between fluid injection points and faults in an 
earlier study. The research is published in the journal 
Geomechanics and Geophysics for Geo-Energy and 
Geo-Resources. 

Fracking -- or hydraulic fracturing -- is a process in 
which rocks are deliberately fractured to release oil or 
gas by injecting highly pressurized fluid into a 
borehole. This fluid is usually a mixture of water, 
chemicals and sand. 

In 2011 tremors in Blackpool, UK, were caused when 
injected fluid used in the fracking process reached a 
previously unknown geological fault at the Preese 
Hall fracking site. Fracking is now recommencing 
onshore in the UK after it was halted because of 
fracking-induced earthquakes. 

Research lead author Miles Wilson, a PhD student in 
Durham University's Department of Earth Sciences, 
said: "Induced earthquakes can sometimes occur if 
fracking fluids reach geological faults. Induced 
earthquakes can be a problem and, if they are large 
enough, could damage buildings and put the public's 
safety at risk. 

"Furthermore, because some faults allow fluids to 
flow along them, there are also concerns that if 
injected fluids reach a geological fault there is an 
increased risk they could travel upwards and 
potentially contaminate shallow groundwater 
resources such as drinking water. Our research shows 
that this risk is greatly reduced if injection points in 
fracking boreholes are situated at least 895m away 
from geological faults." 

The latest findings go further than a 2017 ReFINE 
study which recommended a maximum distance of 
433m between horizontal boreholes and geological 
faults. That research was based upon numerical 
modelling in which a number of factors, including 
fluid injection volume and rate, and fracture 
orientation and depth, were kept constant. 

Researchers behind the latest study said that changing 
these parameters might lead to different horizontal 
extents of fractures from fluid injection points. The 
researchers added that this did not mean the modelling 
results of the previous study were wrong. Instead they 
said the previous study was approaching the same 
problem using a different method and the new study 
provided further context. 

In the latest research the researchers used data from 
previous fracking operations to measure the distance 
between the furthest detected microseismic event -- a 
small earthquake caused by hydraulic fracturing of the 
rock or fault reactivation -- and the injection point in 
the fracking borehole. 

From the 109 fracking operations analyzed, the 
researchers found that the horizontal extent reached by 
hydraulic fractures ranged from 59m to 720m. There 
were 12 examples of fracking operations where 
hydraulic fractures extended beyond the 433m 
proposed in the 2017 study. 

According to the new study, the chance of a hydraulic 
fracture extending beyond 433m in shale was 32 per 
cent and beyond 895m was one per cent. The research 
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also found that fracking operations in shale rock 
generally had their furthest detected microseismic 
events at greater distances than those in coal and 
sandstone rocks. 

Microseismic data was used in previous Durham 
University research from 2012. This suggested a 
minimum vertical distance of 600m between the depth 
of fracking and aquifers used for drinking water, 
which now forms the basis of hydraulic fracturing 
regulation in the UK's Infrastructure Act 2015. 

ReFINE is led jointly by Durham and Newcastle 
Universities and has been funded by the Natural 
Environment Research Council (UK), Total, Shell, 
Chevron, GDF Suez, Centrica and Ineos. 

Journal Reference: M. P. Wilson, F. Worrall, R. J. 
Davies, S. Almond. Fracking: How far from faults? 
Geomechanics and Geophysics for Geo-Energy and 
Geo-Resources, 2018; DOI: 10.1007/s40948-018-
0081-y.  
 

Tiny fossils, huge landslides: Are 
diatoms the key to Earth's biggest 

slides? 
ScienceDaily, February 12, 2018 

 
Seismic reflection data. Credit: Morelia Urlaub and 
colleagues, and Geology. 

The biggest landslides on Earth aren't on land, but on the 
seafloor. These mega-slides can move thousands of 
cubic kilometers of material, and sometimes trigger 
tsunamis. Yet, remarkably, they occur on nearly flat 
slopes of less than three degrees. 

Morelia Urlaub, a marine geoscientist at the Geomar 
Helmholtz Center for Ocean Research in Kiel, Germany, 
voices the obvious question: "How can you fail on a 
slope that is so flat?" Now, Urlaub and colleagues may 
have discovered the answer. The smoking -- or in this 
case, oozing -- gun is a layer of siliceous microfossils 
called diatoms. 

The study, published online ahead of print for the 
Geological Society of America's journal Geology, is the 
first to identify the weak layer responsible for a 
submarine mega-slide. Although the nature of these 
critical weak layers has been highly debated, studying 
them has been nearly impossible because they are 
typically destroyed along with the slides. 

Urlaub was compiling ocean drilling data from 1980 
when she realized that the core sampled the seafloor just 
outside the Cap Blanc slide, a 149,000 year-old mega-
slide off the coast of northwest Africa. She correlated 
that data with high resolution seismic reflection data 
recorded in the same area in 2009. Together, these data 
revealed diatom-rich layers, up to ten meters thick, that 
traced directly from the core to the base of slide layers 
within the mega-slide complex. 

What's more, each diatom layer was topped by a layer of 
clay-rich sediment. That clay is apparently key. "Diatom 
layers are very compressible and water rich," Urlaub 
says. As pressure builds, she explains, water would be 
squeezed from the diatom layer into the clay. Ultimately 
the clay or the interface between the clay and diatoms 
fails, sending the sediments above sliding. 

At the Cap Blanc slide, the seafloor slopes at just 2.8 
degrees. Yet when it broke loose, the slide transported 
over 30 cubic kilometers of material, and extended at 
least 35 kilometers. Another submarine mega-slide 8,500 
years ago off Norway moved a staggering 3,000 cubic 
kilometers, causing a damaging tsunami. And some 
scientists speculate that the 2011 Tohoku tsunami in 
Japan may have been amplified by a submarine mega-
slide. 

Although such slides don't occur very often, says Urlaub, 
their size makes them quite significant. "One-fifth of all 
tsunamis may be caused by undersea mega-slides," she 
says. If diatom layers are a major factor, then 
understanding where paleoclimate conditions may have 
favored diatom growth might help reveal potential 
mega-slide sites. 

Journal Reference:  Morelia Urlaub, Jacob Geersen, 
Sebastian Krastel, Tilmann Schwenk. Diatom ooze: 
Crucial for the generation of submarine mega-slides? 
Geology, 2018; DOI: 10.1130/G39892.1.  

 
 

Soft tissue fossil clues could help 
search for ancient life on Earth and 

other planets 
Scientists shed light on Burgess Shale 

preservation for first time 
ScienceDaily, February 16, 2018 

 



 7 

 
The fossil Waptia from the Burgess Shale, Canada. 
New Oxford University research suggests that the 
mineralogy of the surrounding earth is key to 
conserving soft parts of organisms, and finding more 
exceptional fossils like the Waptia.  Credit: Yale 
University 

Fossils that preserve entire organisms (including both 
hard and soft body parts) are critical to our 
understanding of evolution and ancient life on Earth. 
However, these exceptional deposits are extremely 
rare. The fossil record is heavily biased towards the 
preservation of harder parts of organisms, such as 
shells, teeth and bones, as soft parts such as internal 
organs, eyes, or even completely soft organisms, like 
worms, tend to decay before they can be fossilized. 
Little is known about the environmental conditions 
which stop this process soon enough for the organism 
to be fossilized. 

New Oxford University research suggests that the 
mineralogy of the surrounding earth is key to 
conserving soft parts of organisms, and finding more 
exceptional fossils. Part-funded by NASA, the work 
could potentially support the Mars Rover Curiosity in 
its sample analysis, and speed up the search for traces 
of life on other planets. 

Perhaps the most iconic of all exceptional fossil 
deposits is the Burgess Shale of Canada, popularized 
by Stephen J. Gould's Wonderful Life. Dating to 
around 500 million years ago, the deposit preserves 
exceptional fossils from the Cambrian Explosion, an 
event which saw the rapid diversification of early 
animal life from simpler single-celled ancestors. 
Burgess Shale-type fossil localities are now known 
across the globe and without them roughly 80% of 
Cambrian organisms (those that have no hard skeleton 
or shell) would be unknown, distorting our picture of 
early animal evolution. 

Published in Geology, the study, conducted by 
researchers from Oxford's Dept. of Earth Sciences, 
Yale University, and Pomona College, builds on their 
previous research revealing that certain clay minerals 
are toxic to bacteria that decay marine animals. This 
time around, the team set out to find geological 

evidence that rocks composed of the same clay 
minerals are the hosts of Burgess Shale-type fossils. 

The team examined more than 200 Cambrian rock 
samples using powder X-ray diffraction analysis to 
determine their mineralogical composition, comparing 
rocks with Burgess Shale-type fossils with those with 
only fossilized shells and bones. Nicholas Tosca, 
Associate Professor of Sedimentary Geology at 
Oxford, said: 'The number of samples required for this 
study was made possible because the diffractometer at 
Oxford collects mineralogical data 250 times faster 
than a conventional instrument.' 

The findings reveals that soft tissue fossils are 
generally found in rocks rich in the mineral 
berthierine, one of the main clay minerals identified 
by the previous study as being toxic to decay bacteria. 
Ross Anderson, lead author and fellow at All Souls 
College, Oxford, explains: 'Berthierine is an 
interesting mineral because it forms in tropical 
settings when the sediments contain elevated 
concentrations of iron. Thus Burgess Shale-type 
fossils are likely confined to rocks that formed at 
tropical latitudes and that come from locations or time 
periods that have enhanced iron. This observation is 
exciting because it means for the first time we can 
more accurately interpret the geographic and temporal 
distribution of these iconic fossils, crucial if we want 
to understand their biology and ecology.' 

The study provides a mineralogical signature which 
can be used to find the more elusive sites that are 
home to these extraordinary fossils. 'The 
mineralogical associations we identified mean that for 
a given Cambrian sedimentary mudrock we can 
predict with around 80% accuracy whether it is likely 
to contain Burgess Shale-type fossils,' says Anderson. 

Of the project's wider applications, potentially 
supporting the search for life beyond our own planet, 
Anderson adds: 'For the vast majority of Earth's 
history, life has not possessed hard shells or skeletons. 
This means that if we want to look for fossil evidence 
of life on other planets like Mars, the chances are we 
probably need to find fossils of entirely soft 
organisms, and Burgess Shale-type fossilisation 
provides a way. NASA's Curiosity rover has the 
ability to record mineralogy on the Martian surface, so 
it could potentially look for the types of rocks which 
might be most conducive to preserving these fossils.' 

To expand their understanding of the exceptional 
preservation of soft organisms, the team are currently 
delving further back into Earth history, to investigate 
the preservation of microbes before macroscopic 
organisms with skeletons or shells evolved. 
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Journal Reference:  Ross P. Anderson, Nicholas J. 
Tosca, Robert R. Gaines, Nicolás Mongiardino Koch, 
Derek E.G. Briggs. A mineralogical signature for 
Burgess Shale–type fossilization. Geology, 2018; 
DOI: 10.1130/G39941.1. 
 

World’s oldest known oxygen oasis 
discovered 

ScienceDaily, January 18, 2018 

In the Earth's early history, several billion years ago, 
only traces of oxygen existed in the atmosphere and 
the oceans. Today's air-breathing organisms could not 
have existed under those conditions. The change was 
caused by photosynthesizing bacteria, which created 
oxygen as a by-product -- in vast amounts. 2.5-billion-
year-old rock layers on several continents have 
yielded indications that the first big increase in the 
proportion of oxygen in the atmosphere took place 
then. 

Now, working with international colleagues, Dr. 
Benjamin Eickmann and Professor Ronny Schönberg, 
isotope geochemists from the University of Tübingen 
have discovered layers in South Africa's Pongola 
Basin which bear witness to oxygen production by 
bacteria as early as 2.97 billion years ago. That makes 
the Basin the earliest known home to oxygen-
producing organisms -- known as an oxygen oasis. 
The study has been published in the latest Nature 
Geoscience. 

Conditions on Earth some three billion years ago were 
inhospitible to say the least. The atmosphere 
contained only one-one hundred thousandth of the 
oxygen it has today. The primeval oceans contained 
hardly any sulfate; but they did contain large amounts 
of ferrous iron. When bacteria started producing 
oxygen, it could initially bond with other elements, 
but began to enrich the atmosphere in a massive 
oxygen emission event around 2.5 billion years ago. 

"We can see that in the disappearance of reduced 
minerals in the sediments on the continents. Certain 
sulfur signatures which can only be formed in a low-
oxygen atmosphere are no longer to be found," says 
Benjamin Eickmann, the study's lead author. This 
event, which could be described as global 
environmental pollution, went down in the Earth's 
history as the Great Oxygenation Event. It was a 
disaster for the early bacteria types which had evolved 
under low-oxygen conditions; the oxygen poisoned 
them. "However, after the first big rise, the 
atmosphere only contained 0.2 percent oxygen; today 
it's around 21 percent," Eickmann explains. Exposed 

to an atmosphere which contained increasing amounts 
of oxygen, the continents were subject to enhanced 
erosion. That led to more trace elements entering the 
oceans. The improved supply of nutrients in turn led 
to more life forms in the seas. 

Sulfur signatures as an archive of Earth history 

In their current study the researchers investigated the 
2.97-bilion-year-old sediments deposited in the 
Pongola Basin in what is now South Africa. From the 
proportions of sulfur isotopes (particularly the of 
34S/32S ratio), in the sediments, the researchers are 
able to conclude that the bacteria used the sulfate in 
the primeval seas as a source of energy, reducing it 
chemically. 

"Sulfate is a form of oxidized sulfur. Higher levels of 
sulfate in the water indicates that sufficient free 
oxygen must have been present in the shallow sea of 
the Pongola Basin," Ronny Schönberg says. This free 
oxygen must have been produced by other, 
photosynthesizing bacteria. At the same time, another 
sulfur isotope signature (the 33S/32S ratio) in these 
sediments indicates a continued reduced, very low-
oxygen atmosphere. 

“That makes the Pongola Basin the oldest oxygen 
oasis known to date. The oxygen was building up in 
the water long before the Great Oxygenation Event,” 
Schönberg explains. Several hundred million years 
later, steadily rising levels of oxygen led to oxidation 
of the atmosphere, which made life on Earth -- in all 
its variety as we know it today -- even possible. 

Journal Reference: Benjamin Eickmann, Axel 
Hofmann, Martin Wille, Thi Hao Bui, Boswell A. 
Wing, Ronny Schoenberg. Isotopic evidence for 
oxygenated Mesoarchaean shallow oceans. Nature 
Geoscience, 2018; DOI: 10.1038/s41561-017-0036-x.  
 
 

 
Sinking land will exacerbate 

flooding from sea level rise in Bay 
Area 

ScienceDaily, March 7, 2018 
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The San Francisco Bay shoreline, where yellow 
indicates areas where a projected rise in sea level 
(SLR) will result in flooding by 2100. Red shows 
where local land subsidence (LLS) will combine with 
SLR to increase the flood-prone areas. 
Credit: ASU/Manoochehr Shirzaei 

Hazard maps use estimated sea level rise due to 
climate change to determine flooding risk for today's 
shoreline, but don't take into account that some land is 
sinking. A precise study of subsidence around San 
Francisco Bay shows that for conservative estimates 
of sea level rise, twice the area is in danger of 
flooding by 2100 than previously thought. Some 
landfill is sinking 10 mm per year. 

Rising sea levels are predicted to submerge many 
coastal areas around San Francisco Bay by 2100, but a 
new study warns that sinking land -- largely the 
compaction of landfill in places like Treasure Island 
and Foster City -- will make flooding even worse. 

Using precise measurements of subsidence around the 
Bay Area between 2007 and 2011 from state-of-the-
art satellite-based synthetic aperture radar (InSAR), 
scientists from the University of California, Berkeley, 
and Arizona State University mapped out the 
waterfront areas that will be impacted by various 
estimates of sea level rise by the end of the century. 

They found that, depending on how fast seas rise, the 
areas at risk of inundation could be twice what had 
been estimated from sea level rise only.  Adding the 
effects of sinking ground along the shoreline, the 
scientists found that the area threatened by rising 
seawater rose to between 48 and 166 square miles 
(125 to 429 square kilometers). 

"We are only looking at a scenario where we raise the 
bathtub water a little bit higher and look where the 
water level would stand," said senior author Roland 
Bürgmann, a UC Berkeley professor of earth and 
planetary science. "But what if we have a 100-year 
storm, or king tides or other scenarios of peak water-
level change? We are providing an average; the actual 
area that would be flooded by peak rainfall and runoff 
and storm surges is much larger." 

"Accurately measuring vertical land motion is an 
essential component for developing robust projections 
of flooding exposure for coastal communities 
worldwide," said Patrick Barnard, a research geologist 
with the U.S. Geological Survey in Menlo Park. "This 
work is an important step forward in providing coastal 
managers with increasingly more detailed information 
on the impacts of climate change, and therefore 
directly supports informed decision-making that can 
mitigate future impacts." 

The low-end estimates of flooding reflect conservative 
predictions of sea level rise by 2100: about one and a 
half feet. Those are now being questioned, however, 
since ice sheets in Greenland and West Antarctica are 
melting faster than many scientists expected. Today, 
some extreme estimates are as high as five and a half 
feet. 

"The ground goes down, sea level comes up and flood 
waters go much farther inland than either change 
would produce by itself," said first author 
Manoochehr Shirzaei, a former UC Berkeley 
postdoctoral fellow who is now an assistant professor 
in ASU's School of Earth and Space Exploration and a 
member of NASA's Sea Level Change planning team. 

Shirzaei and Bürgmann will publish their findings 
March 7 in the online journal Science Advances. 

Combining InSAR and GPS 

InSAR, which stands for interferometric synthetic 
aperture radar, has literally changed our view of 
Earth's landscape with its ability to measure elevations 
to within one millimeter, from Earth orbit. Bürgmann 
has used InSAR data to map landslides in Berkeley 
and land subsidence in Santa Clara County -- this may 
be the first time someone has combined such data with 
future sea level estimates, he said. The team used 
continuous GPS monitoring of the Bay Area to link 
the InSAR data to sea level estimates. 

In the Bay Area, one threatened area is Treasure 
Island, which is located in the Bay midway between 
San Francisco and Oakland and was created by 
landfill for the 1939 Golden Gate International 
Exposition. It is sinking at a rate of one-half to three-
quarters of an inch (12 to 20 millimeters) per year. 
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Projections for San Francisco International Airport 
show that when land subsidence is combined with 
projected rising sea levels, water will cover 
approximately half the airport's runways and taxiways 
by the year 2100. Parts of Foster City were built in the 
1960s on engineered landfill that is now subsiding, 
presenting a risk of flooding by 2100. 

Not all endangered areas are landfill, however. Areas 
where streams and rivers have deposited mud as they 
flow into the Bay are also subsiding, partly because of 
compaction and partly because they are drying out. 
Other areas are subsiding because of groundwater 
pumping, which depletes the aquifer and allows the 
land to sink. In the early 20th century, the Santa Clara 
Valley at the south end of San Francisco Bay subsided 
as much as nine feet (three meters) due to 
groundwater depletion, though that has stabilized with 
restrictions on pumping. 

The work was supported by the National Science 
Foundation, NASA, and Point Reyes Bird 
Observatory Conservation Science. 
 

 

Another clue for fast motion of the 
Hawaiian hotspot 

50 to 60 million years ago the hot magmatic 
source of the volcanoes moved southward fast 

ScienceDaily, February 27, 2018 

 

 
The graph shows the dates of volcanoes of the three 
volcanic chains in the Pacific and their relative 
movement over time (left). The location of the three 

volcanic chains shown in the map (right). The stars 
mark the youngest end or the active volcanoes today. 
Credit: Nature Communications, Kevin Konrad et al. 

The island chain of Hawaii consists of several 
volcanoes, which are fed by a "hotspot." In 
geosciences a "hotspot" refers to a phenomenon of 
columnar shaped streams, which transport hot material 
from the deep mantle to the surface. Like a blow 
torch, the material burns through the Earth's crust and 
forms volcanoes. For a long time, it was assumed that 
these hotspots are stationary. If the tectonic plate 
moves across it, a chain of volcanoes evolves, with the 
youngest volcano at one end, the oldest at the other. 

This concept was initially proposed for the Hawaiian 
Islands. They are the youngest end of the Hawaiian-
Emperor chain that lies beneath the Northwest Pacific. 
But soon there was doubt over whether hotspots are 
truly stationary. The biggest contradiction was a 
striking bend of about 60 degrees in this volcanic 
chain, which originated 47 million years ago. "If you 
try to explain this bend with just a sudden change in 
the movement of the Pacific Plate, you would expect a 
significantly different direction of motion at that time 
relative to adjacent tectonic plates," says Bernhard 
Steinberger of the GFZ German Research Center for 
Geosciences. "But we have not found any evidence 
for that." Recent studies have suggested that 
apparently two processes were effective: On the one 
hand, the Pacific Plate has changed its direction of 
motion. On the other hand, the Hawaiian hotspot 
moved relatively quickly southward in the period from 
60 to about 50 million years ago -- and then stopped. 
If this hotspot motion is considered, only a smaller 
change of Pacific plate motions is needed to explain 
the volcano chain. 

This hypothesis is now supported by work in which 
Steinberger is also involved. First author Kevin 
Konrad, Oregon State University in Corvallis, Oregon, 
and his team have evaluated new rock dating of 
volcanoes in the Rurutu volcanic chain, including, for 
example, the Tuvalu volcanic islands in the Western 
Pacific. Furthermore, they added similar data from the 
Hawaiian-Emperor chain and the Louisville chain in 
the Southern Pacific. Based on the geography and the 
age of volcanoes in these three chains, researchers can 
look into the geological past and see how the three 
hotspots have moved relative to each other over 
millions of years. 

The new data published in the journal Nature 
Communications shows that the relative motion of 
hotspots under the Rurutu and Louisville is small 
while the Hawaiian-Emperor hotspot displays strong 
motion between 60 and 48 million years ago relative 
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to the other two hotspots. "This makes it very likely 
that mainly the Hawaii hotspot has moved," says 
Steinberger. According to his geodynamic modelling 
the Hawaiian hotspot moved at a rate of several tens 
of kilometers per million years. Paleomagnetic data 
support this interpretation, says Steinberger. "Our 
models for the motion of the Pacific Plate and the 
hotspots therein still have some inaccuracies. With 
more field data and information about the processes 
deep in the mantle, we hope to explain in more detail 
how the bend in the Hawaiian-Emperor chain has 
evolved." 

Journal Reference: Kevin Konrad, Anthony A. P. 
Koppers, Bernhard Steinberger, Valerie A. Finlayson, 
Jasper G. Konter, Matthew G. Jackson. On the 
relative motions of long-lived Pacific mantle 
plumes. Nature Communications, 2018; 9 (1) DOI: 
10.1038/s41467-018-03277-x.  

Stagnation in the South Pacific 
Scientists verify theory of role of South Pacific in 

natural atmospheric CO2 fluctuations  

ScienceDaily, February 22, 2018 
A team led by geochemist Dr. Katharina Pahnke from 
Oldenburg has discovered important evidence that the 
rise in atmospheric carbon dioxide levels at the end of 
the last ice age was triggered by changes in the 
Antarctic Ocean. The researchers from the University 
of Oldenburg's Institute for Chemistry and Biology of 
the Marine Environment (ICBM), the Max Planck 
Institute for Marine Microbiology in Bremen and the 
Alfred Wegener Institute, Helmholtz Centre for Polar 
and Marine Research (AWI) were able to demonstrate 
that the deep South Pacific was strongly stratified 
during the last ice age, and could thus have facilitated 
long-term, deep-sea storage of the greenhouse gas 
carbon dioxide (CO2). The study, published in the 
academic journal Science, also indicates that in the 
course of the warming following the end of the last ice 
age the mixing of the deep water masses increased, 
releasing stored CO2 and enhancing global warming. 

The Southern Ocean plays an important role in 
climate events because CO2 can be absorbed from the 
atmosphere into the ocean. When increased amounts 
of dust are deposited in the seawater, microscopic 
algae multiply because the iron contained in the dust 
acts as a fertilizer. When these single celled algae die, 
they sink to the ocean floor, taking the sequestered 
carbon dioxide with them. To ensure long-term 
removal of the CO2 from the atmosphere, however, it 
must be stored in stable conditions in deep water over 
long periods of time. 

In order to find out how water masses in the deep 
South Pacific have developed over the last 30,000 
years, the team recovered sediment cores from water 
depths of between 3,000 and more than 4,000 metres 
during an expedition of the research vessel 
"Polarstern" to the South Pacific. The geochemists Dr. 
Chandranath Basak and Dr. Henning Fröllje of the 
ICBM -- the two main authors of the study -- 
extracted tiny teeth and other skeletal debris of fossil 
fish from the sediment to analyse their content of 
isotopes of the rare earth metal neodymium. 

"Neodymium is particularly useful for identifying 
water masses of different origin," said Pahnke, the 
head of the Max Planck Research Group for Marine 
Isotope Geochemistry based at the ICBM and the Max 
Planck Institute for Marine Microbiology in Bremen, 
explaining that each layer of water has its own 
characteristic neodymium signature. The isotope 
ratios of this element vary depending on which ocean 
basin the water comes from. For instance, the coldest 
and therefore deepest water mass in the Southern 
Pacific forms on the continental shelf of Antarctica 
and carries a distinct neodymium signature. Overlying 
this mass is a layer that combines water from the 
North Atlantic, the South Pacific and the North Pacific 
and hence is marked by a different signature. 

Using fish debris in deep-sea sediments, the 
researchers were able to trace the variations in 
neodymium concentrations at different depths over the 
course of time. The result: at the peak of the last ice 
age approximately 20,000 years ago, the neodymium 
signature of samples taken from depths below 4,000 
metres was significantly lower than at lower depths. 
"The only explanation for such a pronounced 
difference is that there was no mixing of the water 
masses at that time," said Fröllje, who currently works 
at the University of Bremen. He and his colleagues 
concluded from this that the deep waters were 
strongly stratified during the glacial period. 

As the climate in the southern hemisphere grew 
warmer towards the end of the last ice age around 
18,000 years ago, the stratification of the water 
masses was broken up and neodymium values at 
different depths converged. "There was probably more 
mixing because the density of the water decreased as a 
result of the warming," Pahnke explained. This then 
led to the release of the carbon dioxide stored in deep 
waters. 

For some time now climate researchers have been 
speculating on why fluctuations in atmospheric CO2 
levels followed the same pattern as temperature in the 
southern hemisphere whereas the temperature in the 
north at times ran counter to these fluctuations. One 
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theory is that certain processes in the Southern Ocean 
played an important role. 

"With our analyses we have for the first time provided 
concrete evidence supporting the theory that there is a 
connection between the CO2 fluctuations and 
stratification in the Southern Ocean," said co-author of 
the study Dr. Frank Lamy of the AWI in 
Bremerhaven. The current study supports the 
hypothesis that the warming of the southern 
hemisphere broke up stable stratification in the 
Antarctic Ocean, resulting in the release of the carbon 
dioxide that was stored in these waters. 

Journal Reference:  Chandranath Basak, Henning 
Fröllje, Frank Lamy, Rainer Gersonde, Verena Benz, 
Robert F. Anderson, Mario Molina-Kescher, 
Katharina Pahnke. Breakup of last glacial deep 
stratification in the South Pacific. Science, 2018; 
359 (6378): 900 DOI: 10.1126/science.aao2473. 

Key to predicting climate change 
could be blowing in the wind 

ScienceDaily, February 15, 2018 
Dust that blew into the North Pacific Ocean could 
help explain why the Earth's climate cooled 2.7 
million years ago, according to a new study published 
in the journal Science Advances. 

One of the co-authors was Alex Pullen, an assistant 
professor of environmental engineering and earth 
sciences at Clemson University.  "Why study the past? 
It's a great predictor of the future," he said. "The 
findings of this study were both interesting and very 
unexpected." 

Researchers were interested in dust because when it 
blows off land and into the ocean, the iron in it 
fertilizes the water like farmers do their fields. 
Through photosynthesis, tiny organisms that live in 
the ocean surface waters pull carbon-dioxide out of 
the atmosphere, which usually means cooler 
temperatures. 

The biggest surprise in the study was that 
precipitation, rather than dryness, was the most 
important factor for adding East Asian dust to the 
atmosphere and oceans leading up to the ancient 
climate change, Pullen said. It may seem 
counterintuitive, he said, because "most people 
associate dust emission with aridity and deserts, not 

with precipitation."  But researchers believe they have 
an idea of what happened. 

The monsoon precipitation intensified, and the 
increase caused erosion along the Tibetan Plateau and 
lower elevation areas nearby in what today is China, 
researchers found. Wind carried the relatively loose 
sediment into the North Pacific Ocean, where it likely 
helped spur photosynthesis. 

The research focused on a time that marked a change 
between a period of high carbon-dioxide levels in the 
atmosphere similar to modern day and much lower 
levels similar to the period before the industrial 
revolution, Pullen said. 

The research helps explain what caused the Earth to 
go into the glacial and interglacial periods that have 
dominated ever since, he said. 

But the findings do not suggest humans are off the 
hook on warming global temperatures, Pullen said. 
Researchers were dealing in geologic time -- millions 
of years -- and the geologic record isn't always 
detailed enough to reflect what might have happened 
in the span of a few hundred years, he said. That 
would be enough to melt the ice caps and put islands 
and coastlines underwater, Pullen said.  The future 
climate could look like the Pliocene Epoch, which was 
5.3 million to 2.5 million years ago, said Pullen, who 
is a geologist. 

"Now we just have to figure out what the Pliocene 
looked like everywhere on Earth," he said. "That's 
going to be difficult because the Pliocene rock record 
doesn't exist everywhere. But we need to collect as 
much information from the Pliocene as we can to 
improve climate models and have a better 
understanding of what is in store for our future." 

The team's findings were drawn from detailed analysis 
of sedimentary rock in the Chinese Loess Plateau, an 
area of East China that has been collecting dust for at 
least the past 8 million years. 

Journal Reference:  Junsheng Nie, Alex Pullen, 
Carmala N. Garzione, Wenbin Peng, Zhao Wang. 
Pre-Quaternary decoupling between Asian 
aridification and high dust accumulation rates. 
Science Advances, 2018; 4 (2): eaao6977 DOI: 
10.1126/sciadv.aao6977. 
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regional extent, separates schist from semischist.  
Furthermore, structural and lithological relations show that 
the only regionally consistent defining feature of the three 
units is textural grade, not rock type or other stratigraphic 
features.  
Project 2.  Details of the accretionary process were studied 
in extremely well-exposed outcrops in Grindstone and 
Thomes Creeks.  The outcrops were located using Google 
Earth.  The dominant structural features are steeply 
dipping beds cut by subparallel thrust faults spaced  ~100 
to 600 meters apart, with the angle between bedding and 
faults usually ranging from 0° to 35°.  Between faults, 
bedding continuity, though locally disrupted, is generally 
well-preserved.  Data from other comparable areas 
indicate that individual faults can be traced laterally from a 
few to ~10 km, forming an anastomosing network. The 
faults represent primary accretionary surfaces along which 
“packets” of relatively intact rocks were accreted.  This 
simple structural style is not commonly recognized 

Map Courtesy of Dan Day 

elsewhere in the Franciscan as structure is typically more complex or exposures are inadequate.  However, comparable 
examples have been mapped, the best known being the Marin Headlands. Such areas of relatively simple structure are 
important in furthering our understanding of the accretionary process.  

Biography:  Dr. Thomas Mackinnon received BA and MA degrees in Geology from the University of California at Santa 
Barbara, and a Ph.D. in geology from the University of Otago, New Zealand. In New Zealand he worked on the regional 
geology of the Torlesse subduction complex.  For over 25 years, he worked for Chevron in California, including eight years as 
coordinator of Chevron Stratigraphic Schools and many years working on the Monterey Formation.  Tom continues to work 
on the general geology of the Eastern belt and on other Franciscan projects in Northern California. 
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