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The geosciences provide a long history of surprises when some thought
the big discoveries were over: basalt as an igneous rock, an old but hot
Earth, evolution, plate tectonics, life punctuated by extraterrestrial
events, and climate change caused by humans. Drilling to magma will
likely provide another such surprise. Although we tend to believe our
untested cartoons, consider whether the characteristics of hydrocarbon
reservoirs would have been accurately rendered without drilling. We
must drill to magma to understand how continental crust formed, how
to use heat of crystallization coupled with enthalpy of magmatic water
and thermal cracking as a clean energy source, and how to forecast
catastrophic volcanic eruptions from direct measurements in magma. I
will trace the progression from coring lava lakes, through shifts in
thinking about magma bodies, to exciting data from accidental drilling
encounters with real magma, to what the future of scientific drilling to
magma could hold.
(Continued on last page)
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in the invitation). DO NOT FORWARD THIS LINK
TO ANYONE ELSE.

NCGS 2020 – 2021 Calendar

The meeting will use a “waiting room” for security
purposes. The host will open the meeting about 6:30
PM to provide some social time on screen before the
meeting. You will be admitted by host after matching
names to the registration list- please be patient. To save
the host work, please try to join the meeting no later
May 26, 2021
Dinner Meeting
6:00 pm
than 6:50 PM as it will take longer to gain admittance
Dr. Kathryn Stack Morgan, JPL Mars 2020 Deputy
after the meeting starts. You will need to turn on your
Project Scientist
The Mars 2020 Perseverance Rover: First Results from own video and audio once you have entered the
meeting. Once the meeting starts, the host will mute
Jezero Crater
everyone and ask that your video be turned off to
minimize bandwidth constraints for a big group except
June 30, 2021
7:00 pm
when requested by the host for specific meeting roles.
David Williams
The chat feature will be available throughout the session
Stories in Stone: Travels through Urban Geology
and video and audio will be available to all participants
once we get to Q&A.
April 28, 2021
7:00 pm
Dr. Penelope Boston, NASA Ames Research Center
Some of the Most Challenging Questions Facing
Astrobiologists Today

NCGS Zoom Meeting Instructions –
ADVANCE REGISTRATION
REQUIRED

View the February Presentation
We held an excellent meeting in February via Zoom,
and we hope that all who wanted to see it were able to,
without significant interruption or other issues. If you
missed it or would just like to see it again, please use
the following link and password:

Until the Contra Costa County Health Department
clears us to meet in person, we will be holding our
monthly meetings via ZOOM. Jim O’Brient, our
Program Manager, will host these meetings AND
EVERONE MUST REGISTER EACH MONTH to https://us02web.zoom.us/rec/share/uFSPIattend since meeting slots are limited to 100.
AY52hslgrQyDMembers only can reserve a slot. Register by sending AyHMUQ8UD53herhR9fwevy_6PZfawMqfjoQsAxY
an email note to j.obrient@comcast.net who will 1kDUH0.J153z5dlsmQHqxGX
reserve these on a first-come, first served basis starting Passcode: %zE*20=I (Note: We suggest that you type
each month when the newsletter is published. Please in the password, rather than cutting and pasting it in.)
send this note from the email address that you want used
for the meeting link. Once registered, you will receive
The 75th Anniversary Volume of the
an invitation for the actual Zoom meeting from Jim that
Northern California Geological Society:
includes the link to join the meeting.

Regional Geology of Mount Diablo,
California: Its Tectonic Evolution on the
North America Plate Boundary

Registration will close three days before the event –
since our meetings are on Wednesday evening from
7:00 – 8:30 PM, this will be Sunday evening at 7 PM.
Zoom invitations will be emailed on Monday by 7
PM. For newcomers to Zoom, Jim can host 30-minute
practice sessions on Tuesday at 2 PM (day before the
meeting) or Wednesday at 2PM (day of meeting). Ask
to register for those sessions in the same email you send
to register for the meeting.

An Outline of the Papers in the Volume
The Memoir is a publication to celebrate the 75th
Anniversary of the Northern California Geological
Society, scheduled to be published in Summer 2021.
The Northern California Geological Society held its first
meeting in May 1944. Over the years, a monthly lecture
series and occasional field trips evolved to serve as the
main venues for the Society. At first, meetings of the
Society were held in various locations across the Bay
Area, but eventually settled into San Francisco because of
its concentration of petroleum and mining companies. The
first field trip organized by the Society was a two-day trip

The invitations will come via a calendar invite that you
simply accept (YES) in order to place this on your
calendar. Jim’s default calendar is Google. He will also
copy the link to you in email, but if that is used a
password may be required as well (that will be included
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to Mount Diablo held on May 12-13, 1950. This event established on the east side of the mountain in the late
marked the beginning of a close connection between the nineteenth and early twentieth century. Other ore deposits
Society and the mountain. The Society prospered over the produced small quantities of copper, silver, gold and
chromium. The Eocene sedimentary sequences on the
northeast flank of Mount Diablo also include important
deposits of coal that were mined as the region developed
an early industrial base. Sullivan and others in their article
relate the history of mining in the Mount Diablo Coalfield
in the late nineteenth century. Lignite and sub-bituminous
coal found in the Domengine Formation fueled the
industries and homes of the major population centers of
northern California. The sandstone overlying the coal in
this formation was later mined for glass and foundry sand.
Quarrying for crushed stone from the Coast Range
Ophiolite has become an important resource in recent
years and Goodwin’s article explains the quarrying
operation on the north side of the mountain.
next few decades, but as the petroleum and mining Early exploration for oil and gas in the area began in 1864
companies relocated away from San Francisco, the when a shallow well was drilled close to surface oil seeps
membership broadened and the meeting location was on the northeast limb of the Mount Diablo anticline.
moved to the East Bay and near to Mount Diablo. Seventy- Hector and others discuss the discovery of hydrocarbons
five years after its founding, the Society proposed to in the last century in the Concord, Milligan Hills, and Los
celebrate this anniversary by assembling a volume of new Medanos gas fields and in the Brentwood oil field. Mount
research and field guides by the members. The review of Diablo State Park is today accessed by a network of trails
our collection of field guides showed that many trips were and a long winding road to the summit. The last paper in
focused on Mount Diablo and the surrounding area. In the Introduction is an account by Fuller and Roffers on the
addition, many of our members have studied and geomorphic modifications within the Park due to a century
published on its geology and this continues today. After of road and trail construction.
some discussion, the Society decided to dedicate the
Seventy-fifth Anniversary Volume to Mount Diablo, Five articles focus on the structure of the Mount Diablo
highlighting its unique location on the western boundary region. The mountain is dominated by a northwestof the North America Plate where an understanding of the trending asymmetric anticline with a Mesozoic core of
interplay of strike-slip faulting and transpressional Franciscan and Great Valley complex rocks that are
tectonics have led to recent advancements in our flanked by moderately to steeply dipping sedimentary
understanding of regional geologic history. Over the past sequences of Late Cretaceous and Cenozoic age. One
75 years, as members of our society and others have widely accepted interpretation of the mid-twentieth
investigated the landscape, rocks, and structures of the century proposed that Mount Diablo was formed as a late
mountain, new techniques such as U-Pb geochronology of Cenozoic piercement structure by a diapiric rise of a body
zircons, apatite fission-track analyses, regional structural of serpentinite. With the emergence of plate tectonics in
reconstructions based on balanced cross-sections, and the 1960s, and the focus on strike-slip faults along a major
dating of tephra beds in the Tertiary section, have transform boundary, the structural interpretation of the
California Coast Ranges changed dramatically. This was
provided new insights into the mountain’s evolution.
an important period in our evolving understanding of West
In the Introduction of the Memoir, Graymer and Coast geology led by Tanya Atwater and others who
Langenheim present their revised geological map and showed that the California plate boundary underwent a
stratigraphic framework for the region which includes an long period of subduction from the late Mesozoic through
interpretation of the most recent regional gravity and the mid Cenozoic. During the Oligocene, the boundary
aeromagnetic data. Bartow summarizes the early days of shifted to a transform margin, traced in this region by the
geological investigations, starting with the Whitney northward migration of the Mendocino Triple Junction.
Survey of 1860. This first survey of the mountain The reinterpretation of geological structures in the region
discovered, instead of subaerial lava flows from recent emphasized their origin within this transform setting and
volcanic eruptions, outcrops of diabase, serpentinite, focused on the predominantly right lateral strike-slip
chert, and sandstone, some of which contained potentially movements along the San Andreas fault system. These
economic ore minerals. The Motzer and Mustart paper interpretations revealed the relationships between the
describes the briefly profitable mercury mines that were strike slip faults in the vicinity of the mountain, and likely
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compression across the restraining bends in these faults including the definition of changes in sea level and oxygen
that created the recent uplift of today’s mountainous isotopic variations indicative of paleotemperatures. As a
terrain.
result, the papers in this section are using stratigraphy to
expand our understanding of the depositional history of
The rocks that make up the mountain were folded and
the Sacramento forearc basin that was located at the
faulted by late Neogene and Quaternary compression
western plate boundary of the North American Plate
attributed to plate boundary-normal compression and
during late Mesozoic and early Cenozoic subduction of
compression related to a restraining bend in the strike fault
the Farallon Plate.
system that bounds the mountain. Medwedeff’s article
emphasizes the role of contractional faulting and its McDougall discusses the faunal changes in the
interaction with extensional and dextral strike-slip faults Foraminifera and Calcareous Plankton assemblages in the
in the structural development of Mount Diablo and the Paleogene succession that can be linked to overall global
surrounding central Coast Range. Wakabayashi’s paper climatic trends and are complicated by high temperature
describes the Franciscan core complex composed of hypothermal events that spiked for relatively brief periods
pillow basalt overlain by chert and graywacke. Within this of time. This paper updates the age and environmental
core complex, Wakabayashi mapped mélange blocks that interpretations of the Paleogene formations in the Mount
included some high-grade metamorphic rocks. Unruh in Diablo area.
his paper, describes the pressure and temperature pathway
Sullivan and others present a paper on the mid to late
by which these ancient metamorphic basement rocks were
Cenozoic stratigraphy of the northeast limb of the Mount
uplifted to the surface and their relationship with the
Diablo anticline, defined here as representing the uplifted
overlying sedimentary sequences.
western margin of the Sacramento basin. The succession
Sullivan and others discuss the significance and records the evolution from a marine forearc basin during
interpretation of two areas of Neogene of volcanic rocks the latter stages of subduction in the early Cenozoic to a
and shallow intrusives in the vicinity of the Clayton fault predominantly nonmarine succession with the change to a
on the east side of Mount Diablo. The most southerly transform continental basin in the mid to late Cenozoic.
outcrops are composed of late Miocene dacite intrusives Gooley and others analyzed the detrital zircons in the
that have been dated at 7-5 to 7.8 Ma. Eighteen kilometers section and demonstrated that the lower Cenozoic
(11 miles) to the north in the Concord Naval Weapon succession had varying sources of sediment ranging from
Station is an andesite lava flow that originated from a California’s Sierra Nevada batholith to the east, to the
feeder dike along the Clayton fault. The lava flow is flat- Idaho batholith and Challis volcanic field to the northeast
lying and post-dates much of the regional tectonic uplift in Idaho. In contrast, the provenance of detrital zircons in
that formed Mount Diablo and the Los Medanos Hills. The the mid to late Cenozoic section, indicates even more
lava flowed into creeks that drained northeast to Suisun diverse sources, ranging from calderas penetrating the
Bay. These minor volcanic events appear to be a precursor Nevadoplano to the east to strikingly different sources
to a later major period of volcanism centered to the north from the uplifts and volcanic centers in the Coast Ranges
in the area of the Sonoma and Clear Lake volcanic centers. to the west and Cascades to the north.
The age and composition of these volcanic centers on the
The paper by Wagner and others on the structure and
eastern margin of the San Andreas fault system are
stratigraphy of the East Bay Hills, is based on decades of
consistent with a probable association of this volcanism
field work where detailed mapping and stratigraphic
with the northward migration of the Mendocino Triple
analysis significantly reinterpreted the geology in this
Junction during the late Cenozoic.
highly folded and faulted region west of Mount Diablo in
The final six manuscripts focus on the late Mesozoic and an area bounded by the Calaveras and Hayward strike-slip
Cenozoic succession in the Mount Diablo region and faults. The major addition to earlier studies is that Wagner
nearby East Bay hills. Most of the stratigraphic studies of has collected and dated the tephra marker beds in this
sedimentary sequences were originally undertaken in the section. K-Ar dating of numerous tuffs in this section has
early part of the twentieth century with a focus on naming, revised the correlation of stratigraphic units within this
describing and dating the stratigraphic units. Today the area of complex faulting. Details of the tephrochronology
emphasis is on chronostratigraphic studies through the of volcanic tuffs in the Cenozoic succession are more fully
application
of
sequence
stratigraphy
and described by Sarna-Wojcicki and others. This study is also
tephrochronology. Other advances include the study of based on collecting and analyzing the tephra beds in the
detrital zircons to determine provenance and upper Cenozoic succession along with their postulated
transportation routes within the depositional system. source areas. Tephra marker beds can be dated and their
Paleontological research has become more refined, source can be determined from their chemistry when
transitioning from simply the study of microfossils and compared to known volcanic centers in the western United
biochronology to interpretations of global climatic events, States. As a result, tephra beds can be correlated among
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numerous sites across Northern California and beyond.
The main provenance of the mid and upper Cenozoic tuffs
in the Mount Diablo succession include the major volcanic
centers in the Nevadoplano, Snake-Yellowstone, New
Mexico and Sonoma County areas. The concluding paper
also by Sarna-Wojcicki is a regional study of the Neogene
history of the Central Coast Ranges and northern Great
Central Valley based on over five decades of field work.
It is a period marked by the passage of the Mendocino
Triple Junction and the trailing slab window volcanism.
The account explores the events in the Central Valley that
led to the formation of a great lake, named Lake Clyde,
which at times filled the valley reaching the dimensions of
present-day Lake Michigan. The lake in the Pleistocene
eventually drained to the ocean via San Francisco Valley
(now Bay) through an outlet called the Golden Gate.

Raessler and April Leo, GSA, together with Christian
Koeberl of University of Vienna (Science Editor) were
invaluable in guiding us through the many steps in editing
and preparing the articles for publication. Stephen
Edwards and John Karachewski provided photographs,
Russell Graymer, Kenneth A. Johnson and Michael B.
Henry supplied the maps for the Preface, Eric Gold helped
with computer support and James O’Brient served as the
NCGS financial advisor.

We would also like to especially thank Save Mount Diablo
for their financial support for the Memoir. Save Mount
Diablo (SMD) is a non-profit conservation organization
which since 1971 has been preserving the land and
educating the public on the natural beauty and values of
Mount Diablo. In particular, we wish to acknowledge the
advice and encouragement that we received from Seth
The breadth of research presented in this Memoir, all Adams and the rest of the staff at the foundation. Scott
points to the origin of Mount Diablo as a relatively recent Hein of SMD provided many of the photographs used in
event in the long and complex geological history of the the publication. We also would like to thank members of
Coast California Ranges.
NCGS who have generously contributed to the publication
fund.
Acknowledgements
- Raymond Sullivan, Doris Sloan, Jeff Unruh and David
The preparation of this publication required many people
Schwartz, volume editors.
to edit, review and write the papers. In addition to people
listed in the acknowledgement section of each paper, we The following table summarizes the 18 contributions to
wish to acknowledge the dedication of a number of special the volume, scheduled to be published by the Geological
individuals from NCGS who reviewed the drafts of the Society of America in Summer 2021.
manuscripts before they were submitted to the Geological
TABLE OF CONTENTS
Society of America. These include Andrew Alden,
Richard Cardwell, Mary Rose Casa, Katie Colbert, Paul Preface - Raymond Sullivan, Doris Sloan, David
Henshaw, Don Lewis, Barbara Matz, Tom MacKinnon, Schwartz and Jeffrey Unruh
David Mustart, James O’Brient, Phil Reed, Noelle 1. Geologic framework of Mount Diablo, California Schoellkopf, and Mark Sorensen. Many others geologists Russell W. Graymer and Victoria E. Langenheim.
served as Geological Society of America reviewers and
2. History of geological investigations of Mount Diablo,
these include Todd Greene, California State University,
Contra Costa County, California - Gregory Bartow.
Chico; David Mustart, San Francisco State University;
Cathy Busby, University of California, Davis; John 3. Mount Diablo mercury deposits - William E. Motzer
Barron, Robert McLaughlin, and Russell Graymer of the and David A. Mustart
USGS; John Henry, University of Nevada; John 4. The occurrence and mining of coal and sand deposits
Wakabayashi, California State University, Fresno; Trevor in the middle Eocene Domengine Formation of the Mount
A. Dumitru and W. G. Ernest of Stanford University; Diablo Coalfield, California - Raymond Sullivan, Morgan
Michael Cox, New Almaden Mines; Thomas Barry, D. Sullivan, Patrick Dedmon, and Stephen W. Edwards.
California Department of Conservation, David Wagner, 5. Aggregate mining on Mount Zion, Clayton, California
Chris Higgins and Fred Guise of the California Geological - Joshua A. Goodwin.
Survey; Elizabeth Cassel, University of Idaho; James
O’Brient, Don Medwedeff, and Paul Henshaw, retirees 6. Petroleum occurrences in the Mount Diablo Area,
from Chevron; Stephen G. Muir, Consultant; Loren A. California - Scott T. Hector, Karen E. Blake, and Timothy
Raymond, Appalachian State University; John H. Shawn, D. Elam.
Harvard University; Lisa White, University of California, 7. Erosion due to a century of road construction and
Berkeley; Raymond A. Coveney, University of Missouri, maintenance at Mount Diablo State Park - Michael Fuller.
Kansas City; Keith Kelson, US Corps of Engineers; and 8. Interaction of extensional, contractional, and strike-slip
Jeffrey Knott, California State University, Fullerton.
elements at Mount Diablo and the surrounding eastern
Jeannette Hammann of GSA was responsible for initiating Coast Ranges, San Francisco Bay Area, California: A
and supporting the publication of the Memoir. Jon model-based analysis - Donald A. Medwedeff
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9. Field and petrographic reconnaissance of Franciscan
Complex rocks of Mount Diablo, California: Imbricated
ocean floor stratigraphy with a roof-exhumation fault
system - John Wakabayashi.
10. Upper plate deformation during blueschist
exhumation, ancestral western California Forearc Basin,
from stratigraphic and structural relationships at Mount
Diablo and the Rio Vista Basin - Jeffrey Unruh.
11. Neogene volcanism on the east side of Mount Diablo,
Contra Costa County, California - Raymond Sullivan,
Ryan P. Fay, Carl Schaefer, Alan Deino, and Stephen W.
Edwards.
12. Global biotic events in the Paleogene marine strata of
eastern San Francisco Bay Area - Kristin McDougall.
13. The mid-Cenozoic succession on the northeast limb
of the Mount Diablo Anticline, California: A stratigraphic
record of tectonic events in the forearc basin - Raymond
Sullivan, Morgan D. Sullivan, Stephen A. Edwards,
Andrei Sarna Wojcicki, Rebecca A. Hackworth, and Alan
Deino.
14. Tectonic evolution of the central California margin as
reflected by detrital zircon composition in the Mount
Diablo region - Jared T. Gooley, Marty Grove, and
Stephan A. Graham.
15. Miocene structure and stratigraphy of the East Bay
Hills, California - J. Ross Wagner, Alan Deino, Stephen
W. Edwards, Andrei Sarna- Wojcicki, and Elmira Wan.
16. Late Cenozoic tephrochronology of the Mount Diablo
area within the evolving plate tectonic boundary zone of
California - Andre Sarna-Wojcicki, Raymond Sullivan,
Alan Deino, J. Ross Wagner, Elmira Wan, and Laura
Walkup.

Members can simply send a check or online donation
to the GSA Foundation and designate that it is being
given to the Mt. Diablo Publications Fund. There is a
spot in the online donation system where you can
specify “Mt Diablo Fund.” If sending a check, please
write "Pubs Fund Mt. Diablo" on the memo line.
Address:

GSA Foundation
PO Box 9140
Boulder, CO 80301

Online:

https://gsa-foundation.org/donate/

Soil Stratigraphy for Trench Logging”
Course Now Online
This is an updated version of the lecture portion of the
popular course that Glenn Borchardt has been giving for
many years. Students will learn how to improve their
trench and outcrop logs and descriptions of soils
uncovered during geologic hazard investigations for
development sites. It comprises six abundantly illustrated
lectures:
1. Soil Science Theory: CTPOT, the factors of soil
formation
2. The ABC’s of Soils: Recognizing soil horizons and
soil features
3. Preparing excellent trench logs
4. Pedochronology: Bookkeeping for the ages
5. Laboratory methods for pedochronology
6. Soil Tectonics: What faults do to soils; what soils do
to faults
Students can learn more about the course at: SSFTL Intro
Video
or
https://go.glennborchardt.com/SSFTLCOURSE. The cost is $250 and the first 30 members of
NCGS or AEG to purchase the course will receive a 10%
discount (Coupon code: ssftl20). The first 30 college
students will receive a 20% discount (Coupon code:
ssftlstud). Upon successful completion, Continuing
Education certificates will be available upon request.

17. Late Cenozoic paleogeographic reconstruction of the
San Francisco Bay Area from analysis of stratigraphy,
tectonics and tephrochronology - Andrei Sarna-Wojcicki.

NCGS member contributions to the
publication of this volume are very welcome

Books by NCGS Member Gary Prost

The volume will be a colorful in-depth study of the
geology of Mt. Diablo by the leading experts in their
field. Donations are being sought to cover the costs
of numerous color photographs and figures. A major
donation has been provided by Save Mount Diablo
together with access to their outstanding collection of
professional photographs. Add your name to the
contributors to this 75th Anniversary publication by
sending a tax-exempt donation to the NCGS publication
fund established by the GSA specifically to cover the
cost of color printing. Recently, GSA has elected to
upgrade the publication to Memoir, their highest
publication rating, with a hard cover.

Gary Prost has been an active member for the last
several years. Here is a new review of his most recent
book(s). If you check Amazon for him, you’ll see that
he has authored several books in recent years, including
field trip guides and other publications.
Here is a Dropbox link to the review:
https://www.dropbox.com/sh/9cdeggkc5ypkq5b/AAC
2BbozPRjYJVWj6UbPlSNGa?dl=0 (Click on Gary
Prost article.bmp). Or, here’s a link to the GEOExPro
issue with the review (see page 72 therein):
https://assets.geoexpro.com/uploads/04ec227a-df4545a4-a89d6

6f36ed6579ad/Geoscience%20Magazine%20GEO%20 There are now talks scheduled through May. On March
ExPro%20Vol.%2017,%20No.%205.pdf.
25, Laura Norman of the Western Geographic Science
Center will speak on “A Jaguar’s Field of Dreams – If
Fall Lecture Series of Pacific Section, SEPM you build it, they will come (& other lessons from the
US – Mexico border).” Check the website to join the
(Society for Sedimentary Geology)
live stream, at: https://online.wr.usgs.gov/calendar/.
Explore the latest in west-coast sedimentology in this
semi-monthly, online lecture series hosted by the
NCGS Outreach Opportunities
Pacific Section. Lectures on interesting topics are held
on the first and third Wednesdays of the month, at 5:00- There are no announcements for NCGS outreach this
6:00 PM (Pacific Time). You can join from home via month, but keep an eye on this space, and for emails that
may come from Greg Bartow, our recording secretary.
Zoom, by going to www.pacificsectionsepm.org.
Lectures for 2021 have not yet been posted, but will be WE HAVE A FACEBOOK GROUP! FIND US
listed at the noted website. They also plan (if feasible)
ON FACEBOOK @NCGEOLSOC AND
a field trip in 2021 to the San Gabriel Mountains.

TWITTER @NORCALGEOSOC

Rescheduled Examinations: Professional
Registration with the State of California

Check out our updated NCGS Website at
http://ncgeolsoc.org/. We have posted many older field
trip guidebooks for free downloading, and we describe
the process for purchasing newer guidebooks. The
website includes a list of upcoming meetings,
information on our scholarship program, a list of useful
web links, and list of NCGS officers.

The Board for Professional Engineers, Land Surveyors
and Geologists administers the Certified Engineering
Geologist (CEG), Certified Hydrogeologist (CHG), and
Professional Geophysicist (PGp) examinations. These
exams are computer-based and administered once a
year in early October. This year the exams were
recently re-scheduled to October 7, 2021. To apply for
approval to take any of these examinations, you must
submit your application and all required documentation
by the final filing date of May 3, 2021. If you have
additional questions, please visit the board’s website:
https.www.bpelsg.ca.gov/

NCGS Board Meetings
Board meetings (online for now) are open to all NCGS
members. Please contact Tom MacKinnon if you’d like
to attend, at tom.mackinnon@comcast.net. Board
meetings are generally held on Saturday mornings in
January, April/May, and August/September.

UC Berkeley Earth & Planetary Science
Weekly Seminar Series

Have You Renewed Your Membership?
Welcome to a new decade – but now is the time to check
your membership status. Please see page 13 for a blank
registration form, and mail it in as indicated to our new
Treasurer, Don Medwedeff. Please also note that the
dues assessed for newsletters sent by the U.S. Post
Office has been increased to $40, to account for the
cost of printing and mailing. The dues for emailed
newsletters remain the same, at $20, and $5 for students.

UC Berkeley’s seminar series has been re-inaugurated
for Thursdays (usually) at 3:45 pm for most of the
academic year, but the location has changed – now on
Zoom! Speakers (but no talk titles) have been listed for
talks for the remainder of the spring semester. You can
join the meeting with the link provided to members of
the departmental email list. To join their email list, see:
eps_frontoffice@berkeley.edu. For updated listings of
upcoming
seminars,
go
to
http://eps.berkeley.edu/events/seminars.

2023 GSA Cordilleran Section Meeting
Coming to Sacramento

John Wakabayashi has informed us that the 2023 GSA
Cordilleran Section Meeting will be in Sacramento.
The USGS evening public lecture series events are free John plans to lead a Mt Diablo Field trip for that
and are intended for a general public audience that may meeting – his trips are great, so mark your calendars!
not be familiar with the science being discussed.
Normally held at Rambo Auditorium, 345 Middlefield
Rise of marine predators reshaped
Road, Menlo Park, the talks have now gone virtual.

USGS Evening Public Lecture Series
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"When its components are examined individually or in
small groups, the complexity of their form, function,
interaction, and history often seems overwhelming, and
almost infinite," he wrote in the introduction to his 1981
study.
Organizing these components into a hierarchy of systems,
he argued, presented a more complete view. Sepkoski's
modelling divided 500 million years of ocean life into
three great dynasties, each separated by a mass extinction
that cleared the way for new groups to flourish and
dominate. After the reign of trilobites, clamlike animals
known as brachiopods and certain ancient corals and
ammonites rose to prominence. After the cataclysmic endPermian extinction, sometimes known as the "Great
Dying," they were in turn replaced by snails, clams,
crustaceans, modern corals and various kinds of bony
fishes.
Sepkoski's hypothesis fundamentally changed how
scientists thought about the history of life, Kowalewski
said. It offered an organized way of understanding the
history of marine ecosystems -- the overarching storyline
and plot twists.
But as our knowledge of the fossil record grows, so does
Sepkoski's dilemma of how to analyze such vast and
complex information, said Kowalewski.
"With millions of fossil specimens now documented, there
is simply no feasible way for our brains to process such
massive archives of paleontological data," he said.
"Fortunately, analytical methods continue to improve,
giving us better ways to extract and examine information
hidden inside these immensely complex data."
Rojas took on this challenge by using the latest
advancements in data modelling. Specifically, he was
interested in using complex network tools to create a better
representation of the fossil record. Unlike other
approaches in paleobiology, complex networks use a
linked structure of nodes representing physical and
abstract variables to uncover underlying patterns in a
given system. Network approaches can be applied to
social phenomena -- for example, showing a Facebook
user's patterns of interactions with friends on the platform
-- but they can also be applied to complex natural systems.
Like Sepkoski, Rojas is a classically trained paleontologist
looking for a fresh perspective on the fossil record.
"There are many processes happening at the same time at
multiple scales: in your neighborhood, your country and
across the entire planet. Now imagine the processes that
occur in one day, one year or 500 years. What we are doing
is trying to understand all these things across time," he
said.
A simple network might consist of a single layer -- all
records of animal life and where they lived. But Rojas and
his colleagues' network incorporates different intervals of

ocean life as dramatically as sudden
mass extinctions
ScienceDaily, March 8, 2021
Source: Florida Museum of Natural History
Evolutionary arms races between marine animals
overhauled ocean ecosystems on scales similar to the mass
extinctions triggered by global disasters, a new study
shows.
Scientists at Umeå University in Sweden and the Florida
Museum of Natural History used paleontological
databases to build a multilayered computer model of the
history of marine life over the last 500 million years. Their
analysis of the fossil record closely echoed a seminal 1981
study by paleontologist J. John Sepkoski -- with one key
difference.
Sepkoski's ground-breaking statistical work showed
abrupt ocean-wide changes in biodiversity about 490 and
250 million years ago, corresponding to two mass
extinction events. These events divided marine life into
what he called "three great evolutionary faunas," each
dominated by a unique set of animals.
But the new model reveals a fourth.
The fierce fight for survival that played out between
predatory marine animals and their prey about 250 to 66
million years ago may have been an equally powerful
force, reshaping ocean diversity into what we see today.
This third grand transition was much more gradual than its
predecessors and driven by organisms, rather than external
processes.
"What we learned is that not all major shifts in animal life
have been related to mass extinction events," said study
lead author Alexis Rojas, who earned his Ph.D. at the
University of Florida. Rojas is now a postdoctoral
researcher at the Integrated Science Lab, a hub dedicated
to interdisciplinary research at Umeå University.
Many scientists have long held the view that external
factors such as volcanic activity, asteroid impacts or
changes in climate are the primary drivers of major shifts
in the Earth's biosphere, said study co-author Michal
Kowalewski, Rojas' doctoral adviser and the Florida
Museum Thompson Chair of Invertebrate Paleontology.
"The fossil record tells us that some of the key transitions
in the history of life were rapid changes triggered by
abrupt external factors. But this study shows that some of
those major transitions were more gradual and may have
been driven by biological interactions between
organisms," he said.
One reason Sepkoski's work was so revolutionary was that
he took a mathematical approach to a practical problem:
The fossil record is too big and complex for one person to
be able to discern life's underlying patterns by looking at
specimens alone.
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time as individual layers, a feature lacking in previous
research on macroevolution. The result is what Rojas
described as a new, abstracted fossil record, a complement
to the physical fossil record represented by the specimens
in museum collections.
"It's important because the questions we are asking, the
processes we are studying, occur at different scales in time
and space," Rojas said. "We've taken some steps back so
we can look at the entire fossil record. By doing that, we
can explore all sorts of questions."
Think of it like navigating a Google Earth that represents
the oceans over the last 500 million years. When and
where would you go?
"Our interactive map of marine life shows smaller groups
of animals and their interactions within each evolutionary
fauna," Rojas said. "At the most basic levels, this map
shows ocean regions with particular animals. The building
blocks of our study are the individual animals
themselves."
This complex network shows what Sepkoski's model
could not capture: a gradual transition in ocean life
coincident with the Mesozoic Marine Revolution, which
started about 150 million years ago during the Mesozoic
Era. First hypothesized in the 1970s, this revolution was
caused by the rapid increase of marine predators such as
bony fish, crustaceans and snails, which have dominated
oceans ever since. Their proliferation drove prey to
become more mobile, hide beneath the ocean floor or
enhance their defenses by thickening their armor,
developing spines or improving their ability to regenerate
body parts.
Sepkoski knew about the Mesozoic Marine Revolution,
but his model, limited by the methods and data available
at the time, was unable to delineate the ocean ecosystems
preceding and following this gradual transition. The study
by Rojas and his colleagues demonstrates that both
physical and biological processes play key roles in
shaping ocean life at the highest levels.
"We are integrating the two hypotheses -- the Mesozoic
Marine Revolution and the three great evolutionary faunas
into a single story," Rojas said. "Instead of three phases of
life, the model shows four."
Joaquin Calatayud, Magnus Neuman and Martin Rosvall
of Umeå University also co-authored the study.
Journal Reference: Alexis Rojas, Joaquin Calatayud,
Michał Kowalewski, Magnus Neuman, Martin Rosvall. A
multiscale view of the Phanerozoic fossil record reveals
the three major biotic transitions. Communications
Biology, 2021; 4 (1) DOI: 10.1038/s42003-021-01805-y.

Fuel for earliest life forms: Organic
molecules found in 3.5 billion-year-old
rocks
ScienceDaily, February 18, 2021
Source: University of Cologne
A research team including the geobiologist Dr. Helge
Missbach from the University of Cologne has detected
organic molecules and gases trapped in 3.5 billion-year-old
rocks. A widely accepted hypothesis says that the earliest life
forms used small organic molecules as building materials
and energy sources. However, the existence of such
components in early habitats on Earth was as yet unproven.
The current study, published in the journal 'Nature
Communications', now shows that solutions from archaic
hydrothermal vents contained essential components that
formed a basis for the earliest life on our planet.
Specifically, the scientists examined about 3.5 billion-yearold barites from the Dresser Formation in Western Australia.
The barite thus dates from a time when early life developed
on Earth. 'In the field, the barites are directly associated with
fossilized microbial mats, and they smell like rotten eggs
when freshly scratched. Thus, we suspected that they
contained organic material that might have served as
nutrients for early microbial life,' said Dr. Helge Missbach of
the Institute of Geology and Mineralogy and lead author of
the study.
In the fluid inclusions, the team identified organic
compounds such as acetic acid and methanethiol, in addition
to gases such as carbon dioxide and hydrogen sulfide. These
compounds may have been important substrates for
metabolic processes of early microbial life. Furthermore,
they are discussed as putative key agents in the origin of life
on Earth. 'The immediate connection between primordial
molecules emerging from the subsurface and the microbial
organisms -- 3.5 billion years ago -- somehow surprised us.
This finding contributes decisively to our understanding of
the still unclear earliest evolutionary history of life on Earth,'
Missbach concluded.
Journal Reference: Helge Mißbach, Jan-Peter Duda, Alfons
M. van den Kerkhof, Volker Lüders, Andreas Pack, Joachim
Reitner, Volker Thiel. Ingredients for microbial life
preserved in 3.5 billion-year-old fluid inclusions. Nature
Communications, 2021; 12 (1) DOI: 10.1038/s41467-02121323-z.
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How rocks rusted on Earth and
turned red
Important phenomenon could help assess future climate
change
ScienceDaily, February 8, 2021
Source: Rutgers University

How did rocks rust on Earth and turn red? A Rutgers-led
study has shed new light on the important phenomenon
and will help address questions about the Late Triassic
climate more than 200 million years ago, when
greenhouse gas levels were high enough to be a model for
what our planet may be like in the future.
"All of the red color we see in New Jersey rocks and in the
American Southwest is due to the natural mineral
hematite," said lead author Christopher J. Lepre, an
assistant teaching professor in the Department of Earth
and Planetary Sciences in the School of Arts and Sciences
at Rutgers University-New Brunswick. "As far as we
know, there are only a few places where this red hematite
phenomenon is very widespread: one being the geologic
'red beds' on Earth and another is the surface of Mars. Our
study takes a significant step forward toward
understanding how long it takes for redness to form, the
chemical reactions involved and the role hematite plays."
The research by Lepre and a Columbia University scientist
is in the journal Proceedings of the National Academy of
Sciences. It challenges conventional thinking that
hematite has limited use for interpreting the ancient past
because it is a product of natural chemical changes that
occurred long after the beds were initially deposited.
Lepre demonstrated that hematite concentrations
faithfully track 14.5 million years of Late Triassic
monsoonal rainfall over the Colorado Plateau of Arizona
when it was on the ancient supercontinent of Pangea. With
this information, he assessed the interrelationships
between environmental disturbances, climate and the
evolution of vertebrates on land.
Lepre examined part of a 1,700-foot-long rock core from
the Chinle Formation in the Petrified Forest National Park
in Arizona (the Painted Desert) that is housed at Rutgers.
Rutgers-New Brunswick Professor Emeritus Dennis V.
Kent examined the same core for a Rutgers-led study that
found that gravitational tugs from Jupiter and Venus
slightly elongate Earth's orbit every 405,000 years and
influenced Earth's climate for at least 215 million years,
allowing scientists to better date events like the spread of
dinosaurs.
Lepre measured the visible light spectrum to determine the
concentration of hematite within red rocks. To the
scientists' knowledge, it is the first time this method has
been used to study rocks this old, dating to the Late
Triassic epoch more than 200 million years ago. Many

scientists thought the redness was caused much more
recently by the iron in rocks reacting with air, just like rust
on a bicycle. So for decades, scientists have viewed
hematite and its redness as largely unimportant.
"The hematite is indeed old and probably resulted from the
interactions between the ancient soils and climate
change," Lepre said. "This climate information allows us
to sort out some causes and effects -- whether they were
due to climate change or an asteroid impact at
Manicouagan in Canada, for example -- for land animals
and plants when the theropod dinosaurs (early ancestors
of modern birds and Tyrannosaurus rex) were rising to
prominence."
The scientists, in collaboration with Navajo Nation
members, have submitted a multi-million dollar grant
proposal to retrieve more cores at the Colorado Plateau
that will include rocks known to record a very rapid
atmospheric change in carbon dioxide similar to its recent
doubling as a result of human activity.
Journal Reference: Christopher J. Lepre and Paul E.
Olsen. Hematite reconstruction of Late Triassic
hydroclimate over the Colorado Plateau. PNAS, 2021
DOI: 10.1073/pnas.2004343118.

Tiny bubbles tell tales of big volcanic
eruptions
Nanocrystals may explain staggering number of
bubbles in erupted lava
ScienceDaily, January 19, 2021
Source: Rice University

Microscopic bubbles can tell stories about Earth's biggest
volcanic eruptions and geoscientists from Rice University
and the University of Texas at Austin have discovered
some of those stories are written in nanoparticles.
In an open-access study published online in Nature
Communications, Rice's Sahand Hajimirza and Helge
Gonnermann and UT Austin's James Gardner answered a
longstanding question about explosive volcanic eruptions
like the ones at Mount St. Helens in 1980, the Philippines'
Mount Pinatubo in 1991 or Chile's Mount Chaitén in 2008.
Geoscientists have long sought to use tiny bubbles in
erupted lava and ash to reconstruct some of the conditions,
like heat and pressure, that occur in these powerful
eruptions. But there's been a historic disconnect between
numerical models that predict how many bubbles will
form and the actual amounts of bubbles measured in
erupted rocks.
Hajimirza, Gonnermann and Gardner worked for more
than five years to reconcile those differences for Plinian
eruptions. Named in honor of Pliny the Younger, the
Roman author who described the eruption that destroyed
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Pompeii in A.D. 79, Plinian eruptions are some of the most
intense and destructive volcanic events.
"Eruption intensity refers to the both the amount of
magma that's erupted and how quickly it comes out," said
Hajimirza, a postdoctoral researcher and former Ph.D.
student in Gonnermann's lab at Rice's Department of
Earth, Environmental and Planetary Sciences. "The
typical intensity of Plinian eruptions ranges from about 10
million kilograms per second to 10 billion kilograms per
second. That is equivalent to 5,000 to 5 million pickup
trucks per second."
One way scientists can gauge the speed of rising magma
is by studying microscopic bubbles in erupted lava and
ash. Like bubbles in uncorked champagne, magma
bubbles are created by a rapid decrease in pressure. In
magma, this causes dissolved water to escape in the form
of gas bubbles. "As magma rises, its pressure decreases,"
Hajimirza said. "At some point, it reaches a pressure at
which water is saturated, and further decompression
causes supersaturation and the formation of bubbles."
As water escapes in the form of bubbles, the molten rock
becomes less saturated. But if the magma continues to rise,
decreasing pressure increases saturation."This feedback
determines how many bubbles form," Hajimirza said.
"The faster the magma rises, the higher the decompression
rate and supersaturation pressure, and the more abundant
the nucleated bubbles."
In Plinian eruptions, so much magma rises so fast that the
number of bubbles is staggering. When Mount St. Helens
erupted on May 18, 1980, for example, it spewed more
than one cubic kilometer of rock and ash in nine hours,
and there were about one million billion bubbles in each
cubic meter of that erupted material.
"The total bubbles would be around a septillion,"
Hajimirza said. "That's a one followed by 24 zeros, or
about 1,000 times more than all the grains of sand on all
Earth's beaches."
In his Ph.D. studies, Hajimirza developed a predictive
model for bubble formation and worked with Gardner to
test the model in experiments at UT Austin. The new study
builds upon that work by examining how magnetite
crystals no larger than a few billionths of a meter could
change how bubbles form at various depths.
"When bubbles nucleate, they can form in liquid, which
we call homogeneous nucleation, or they can nucleate on
a solid surface, which we call heterogeneous," Hajimirza
said. "A daily life example would be boiling a pot of water.
When bubbles form on the bottom of the pot, rather than
in the liquid water, that is heterogeneous nucleation."
Bubbles from the bottom of the pot are often the first to
form, because heterogeneous and homogeneous
nucleation typically begin at different temperatures. In
rising magma, heterogeneous bubble formation begins

earlier, at lower supersaturation levels. And the surfaces
where bubbles nucleate are often on tiny crystals.
"How much they facilitate nucleation depends on the type
of crystals," Hajimirza said. "Magnetites, in particular, are
the most effective." In the study, Hajimirza, Gonnermann
and Gardner incorporated magnetite-mediated nucleation
in numerical models of bubble formation and found the
models produced results that agreed with observational
data from Plinian eruptions.
Hajimirza said magnetites are likely present in all Plinian
magma. And while previous research on hasn't revealed
enough magnetites to account for all observed bubbles,
previous studies may have missed small nanocrystals that
would only be revealed with transmission electron
microscopy, a rarely used technique that is only now
becoming more broadly available.
To find out if that's the case, Hajimirza, Gonnermann and
Gardner called for a "systematic search for magnetite
nanolites" in material from Plinian eruptions. That would
provide observational data to better define the role of
magnetites and heterogeneous nucleation in bubble
formation, and could lead to better models and improved
volcanic forecasts.
"Forecasting eruptions is a long-term goal for
volcanologists, but it's challenging because we cannot
directly observe subsurface processes," said Hajimirza.
"One of the grand challenges of volcano science, as
outlined by the National Academies in 2017, is improving
eruption forecasting by better integration of the
observational data we have with the quantitative models,
like the one we developed for this study."
The research was supported by the National Science
Foundation (EAR-1348072, EAR-1348050).
Journal Reference: Sahand Hajimirza, Helge M.
Gonnermann, James E. Gardner. Reconciling bubble
nucleation
in
explosive
eruptions
with
geospeedometers. Nature Communications, 2021; 12 (1)
DOI: 10.1038/s41467-020-20541-1.

A groundbreaking solution? Polymers
can protect buildings from large fault
ruptures
ScienceDaily, February 16, 2021
Source: University of Technology Sydney

Surface rupturing during earthquakes is a significant risk
to any structure that is built across a fault zone that may
be active, in addition to any risk from ground shaking.
Surface rupture can affect large areas of land, and it can
damage all structures in the vicinity of the fracture.
Although current seismic codes restrict the construction in
the vicinity of active tectonic faults, finding the exact
location of fault outcrop is often difficult.
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In many regions around the world, engineering structures
such as earth dams, buildings, pipelines, landfills, bridges,
roads and railroads have been built in areas very close to
active fault segments. Strike-slip fault rupture occurs
when the rock masses slip past each other parallel to the
strike.
A team of researchers led by Associate Professor Behzad
Fatahi and supported by PhD candidate Habib Rasouli in
the School of Civil and Environmental Engineering at
University of Technology Sydney (UTS) has recently
found a groundbreaking solution to protect buildings
sitting on deep foundations subjected to large ground
deformations due to strike-slip fault rupture.
"The strike-slip fault rupture can significantly damage
structures such as buildings and infrastructure such as
bridges," Associate Professor Fatahi said. "The
unacceptable performance of conventional deep
foundations under strike-slip fault rupture is due to a high
level of shear forces in the raft and the large deformation
and bending moment in the piles supporting the
structures."
Associate Professor Fatahi and his team have proposed a
new composite foundation system using inexpensive
polymeric materials to protect structures sitting on deep
foundations.
"In this novel mitigation technique, the piles are
disconnected from the building using an interposed layer
of soil which is reinforced using geotextile layers,"
Associate Professor Fatahi said. "Geotextiles are
polymeric materials made of polypropylene or
polyethylene, which are manufactured in large sheets that

can be easily transported to construction sites. The
geotextiles embedded in the compacted sand and gravel
act as isolator and reduce the impact of large ground
deformations due to fault rupture."
Associate Professor Fatahi and his team have developed
an advanced three-dimensional computer model to
evaluate the performance of commonly used connected
piles and the proposed composite foundation as a novel
mitigation technique. Their findings, recently published
the official Journal of the International Geosynthetics
Society, Geotextiles and Geomembranes, have proven that
the novel mitigation technique using geotextile layers has
a superior performance over the commonly used pile
foundation system under strike-slip fault rupture.
"Considering an increasing world population and a need
to construct more infrastructure such as bridges and
buildings, this novel new foundation system can
significantly improve the safety of infrastructure and
substantially decrease fatality and damage due to large
ground deformations," Associate Professor Fatahi said.
The team now is looking at extending the solution for
protection of structures affected by ground subsidence due
to mining and tunnelling activities.
Journal Reference:
Habib Rasouli, Behzad Fatahi. Geosynthetics reinforced
interposed layer to protect structures on deep
foundations against strike-slip fault rupture.
Geotextiles and Geomembranes, 2020; DOI: 10.1016/
j.geotexmem.2020.11.011.
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Biography: John Eichelberger’s career spans
volcanology, scientific drilling, and international Arctic
education. Educated at MIT and Stanford, he was on the
research staff at Los Alamos and Sandia National
Laboratories in New Mexico from 1974-1979 and 19791991, respectively. In 1991 he became Professor of
Geology and Geophysics at the University of Alaska
Fairbanks (UAF) where he greatly expanded volcano
monitoring and student engagement in the Alaska
Volcano Observatory. During that time, he initiated
cooperative volcano monitoring, research, and
educational programs with the Institute of Volcanology
and Seismology, Russian Academy of Sciences in
Petropavlovsk-Kamchatsky. He was also co-originator
N
of the Unzen Scientific Drilling Project, which cored
through the conduit of Unzen Volcano, Kyushu, Japan
after the volcano’s eruption ended.
Eichelberger left UAF in 2007 to serve as Program
Coordinator for Volcano Hazards at the U.S. Geological
Survey headquarters in Reston, Virginia but continued to work on Russian-US collaborations in natural hazards under the
Bilateral Presidential Commission. He returned to UAF in 2012 as Dean of the Graduate School. The European Geosciences
Union awarded him the Soloviev Medal in Natural Hazards in 2015 and the Geological Society of America designated him
Distinguished Lecturer for Continental Scientific Drilling for 2020-2021. He is now semi-retired but continues development
of the Krafla Magma Testbed, Iceland, following his career-long goal to sample magma directly by drilling.
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