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ONLINE MEETING ANNOUNCEMENT

DATE:  Wednesday, January 27, 2021 
LOCATION:  Online using Zoom (see registration info on Page 2)
TIME:  7 pm to 8:30 pm (Social half-hour at 6:30 pm)

SPEAKER:     Christie Rowe, McGill University
TOPIC:          “Insights into the dynamics of 

subduction from studies in the 
Franciscan Complex”

Active subduction zones produce the world's largest earthquakes and 
generate tsunamis.  These plate boundary fault systems are difficult to 
study in situ due to the depths at which they are active, which are 
mostly inaccessible to ocean drilling in the earthquake-generating 
(seismogenic) zone.  Studying exhumed faults in ancient accretionary 
complexes offers a window into the controls on great earthquakes and 
the mechanisms of rock deformation during the interseismic periods. 
Of course, old rocks have history, and the history of coastal transverse 
motion during and after subduction, and the complex exhumation 
history, have produced complications for structural interpretation. 
I'll present early results from three research projects in the Franciscan 
Complex, which combine field observations, classic petrology and 
microstructure, and some innovative new methods.  First, sorting out 
the faults in the Marin Headlands to find the record of subduction 
earthquakes on imbricate thrusts; second, looking for the ancient plate 
boundary on Angel Island; and third, looking for a reference frame in 
which to organize the structural complexity in an eclogite-blueschist-
greenschist block on Jenner Beach. 
Biography:
I am from Mill Valley, California. My first pet rock was an actinolite-
talc schist, and I still have it. I was 11 when the M6.9 Loma Prieta 
Earthquake suddenly impressed on me that humans are small and 
temporary and thereby started me on the path to becoming a geologist.  
I was a mediocre student of great teachers at Smith College (AB 2000) 
and UC Santa Cruz (PhD 2007).  I was a lecturer at University of Cape 
Town 2006-2009 and had a chance there to experiment (in research and 
teaching) and see lots of the world's greatest rocks.  I left Cape Town 
to postdoc in a geophysics group at UCSC to learn everything I could 
about earthquakes and granular flow, but I mostly learned how to speak 
to earthquake seismologists.  

 (continued on last page)
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NCGS 2020 – 2021 Calendar 

February 24, 2021          7:00 pm
Dr. Tiziana Vanorio, Stanford University

Cementing Roman Concrete to a Caldera

March 24, 2021          7:00 pm
Speaker and subject to be determined

April 28, 2021          7:00 pm
Dr. Penelope Boston, NASA Ames Research Center
Some of the Most Challenging Questions Facing 

Astrobiologists Today

May 26, 2021          6:00 pm
Dinner Meeting

Speaker and subject not yet confirmed

March 24, 2021          7:00 pm
Speaker and subject to be determined

NCGS Zoom Meeting Instructions – 
ADVANCE REGISTRATION 

REQUIRED
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 
attend since meeting slots are limited to 100.
Members only can reserve a slot.  Register by sending 
an email note to j.obrient@comcast.net who will 
reserve these on a first-come, first served basis starting 
each month when the newsletter is published.  Please 
send this note from the email address that you want used 
for the meeting link.  Once registered, you will receive 
an invitation for the actual Zoom meeting from Jim that 
includes the link to join the meeting.
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.
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 
in the invitation).  DO NOT FORWARD THIS LINK 
TO ANYONE ELSE.
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 
than 6:50 PM as it will take longer to gain admittance 
after the meeting starts.  You will need to turn on your 
own video and audio once you have entered the 
meeting.  Once the meeting starts, the host will mute 
everyone and ask that your video be turned off to 
minimize bandwidth constraints for a big group except 
when requested by the host for specific meeting roles.  
The chat feature will be available throughout the session 
and video and audio will be available to all participants 
once we get to Q&A.

The 75th Anniversary Volume of the 
Northern California Geological Society:

Regional Geology of Mount Diablo, 
California: Its Tectonic Evolution on the 

North America Plate Boundary

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 
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its concentration of petroleum and mining companies. The 
first field trip organized by the Society was a two-day trip 
to Mount Diablo held on May 12-13, 1950. This event 
marked the beginning of a close connection between the 
Society and the mountain. The Society prospered over the 
next few decades, but as the petroleum and mining 
companies relocated away from San Francisco, the 
membership broadened and the meeting location was 
moved to the East Bay and near to Mount Diablo. Seventy-
five years after its founding, the Society proposed to 
celebrate this anniversary by assembling a volume of new 
research and field guides by the members. The review of 
our collection of field guides showed that many trips were 
focused on Mount Diablo and the surrounding area. In 
addition, many of our members have studied and 
published on its geology and this continues today. After 
some discussion, the Society decided to dedicate the 
Seventy-fifth Anniversary Volume to Mount Diablo, 
highlighting its unique location on the western boundary 
of the North America Plate where an understanding of the 
interplay of strike-slip faulting and transpressional 
tectonics have led to recent advancements in our 
understanding of  regional geologic history. Over the past 
75 years, as members of our society and others have 
investigated the landscape, rocks, and structures of the 
mountain, new techniques such as U-Pb geochronology of 
zircons, apatite fission-track analyses, regional structural 
reconstructions based on balanced cross-sections, and  
dating of tephra beds in the Tertiary section, have 
provided new insights into the mountain’s evolution. 

In the Introduction of the Memoir, Graymer and 
Langenheim presents their revised geological map and 
stratigraphic framework for the region which includes an 
interpretation of the most recent regional gravity and 
aeromagnetic data. Bartow summarizes the early days of 
geological investigations, starting with the Whitney 
Survey of 1860. This first survey of the mountain 
discovered, instead of subaerial lava flows from recent 
volcanic eruptions, outcrops of diabase, serpentinite, 
chert, and sandstone, some of which contained potentially 
economic ore minerals. The Motzer and Mustart paper 
describes the briefly profitable mercury mines that were 
established on the east side of the mountain in the late 
nineteenth and early twentieth century. Other ore deposits 
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.  

Early exploration for oil and gas in the area began in 1864 
when a shallow well was drilled close to surface oil seeps 
on the northeast limb of the Mount Diablo anticline. 
Hector and others discuss the discovery of hydrocarbons 
in the last century in the Concord, Milligan Hills, and Los 
Medanos gas fields and in the Brentwood oil field. Mount 
Diablo State Park is today accessed by a network of trails 
and a long winding road to the summit. The last paper in 
the Introduction is an account by Fuller and Roffers on the 
geomorphic modifications within the Park due to a century 
of road and trail construction. 

Five articles focus on the structure of the Mount Diablo 
region. The mountain is dominated by a northwest-
trending asymmetric anticline with a Mesozoic core of 
Franciscan and Great Valley complex rocks that are 
flanked by moderately to steeply dipping sedimentary 
sequences of Late Cretaceous and Cenozoic age. One 
widely accepted interpretation of the mid-twentieth 
century proposed that Mount Diablo was formed as a late 
Cenozoic piercement structure by a diapiric rise of a body 
of serpentinite.  With the emergence of plate tectonics in 
the 1960s, and the focus on strike-slip faults along a major 
transform boundary, the structural interpretation of the 
California Coast Ranges changed dramatically. This was 
an important period in our evolving understanding of West 
Coast geology led by Tanya Atwater and others who 
showed that the California plate boundary underwent a 
long period of subduction from the late Mesozoic through 
the mid Cenozoic. During the Oligocene, the boundary 
shifted to a transform margin, traced in this region by the 
northward migration of the Mendocino Triple Junction. 
The reinterpretation of geological structures in the region 
emphasized their origin within this transform setting and 
focused on the predominantly right lateral strike-slip 
movements along the San Andreas fault system. These 
interpretations revealed the relationships between the 
strike slip faults in the vicinity of the mountain, and likely 
compression across the restraining bends in these faults 
that created the recent uplift of today’s mountainous 
terrain.  

The rocks that make up the mountain were folded and 
faulted by late Neogene and Quaternary compression 
attributed to plate boundary-normal compression and 
compression related to a restraining bend in the strike fault 
system that bounds the mountain. Medwedeff’s article 
emphasizes the role of contractional faulting and its 
interaction with extensional and dextral strike-slip faults 
in the structural development of Mount Diablo and the 
surrounding central Coast Range. Wakabayashi’s paper 
describes the Franciscan core complex composed of 
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pillow basalt overlain by chert and graywacke. Within this 
core complex, Wakabayashi mapped mélange blocks that 
included some high-grade metamorphic rocks. Unruh in 
his paper, describes the pressure and temperature pathway 
by which these ancient metamorphic basement rocks were 
uplifted to the surface and their relationship with the 
overlying sedimentary sequences.  

Sullivan and others discuss the significance and 
interpretation of two areas of Neogene of volcanic rocks 
and shallow intrusives in the vicinity of the Clayton fault 
on the east side of Mount Diablo. The most southerly 
outcrops are composed of late Miocene dacite intrusives 
that have been dated at 7-5 to 7.8 Ma. Eighteen kilometers 
(11 miles) to the north in the Concord Naval Weapon 
Station is an andesite lava flow that originated from a 
feeder dike along the Clayton fault. The lava flow is flat-
lying and post-dates much of the regional tectonic uplift 
that formed Mount Diablo and the Los Medanos Hills. The 
lava flowed into creeks that drained northeast to Suisun 
Bay. These minor volcanic events appear to be a precursor 
to a later major period of volcanism centered to the north 
in the area of the Sonoma and Clear Lake volcanic centers. 
The age and composition of these volcanic centers on the 
eastern margin of the San Andreas fault system are 
consistent with a probable association of this volcanism 
with the northward migration of the Mendocino Triple 
Junction during the late Cenozoic. 

The final six manuscripts focus on the late Mesozoic and 
Cenozoic succession in the Mount Diablo region and 
nearby East Bay hills. Most of the stratigraphic studies of 
sedimentary sequences were originally undertaken in the 
early part of the twentieth century with a focus on naming, 
describing and dating the stratigraphic units. Today the 
emphasis is on chronostratigraphic studies through the 
application of sequence stratigraphy and 
tephrochronology. Other advances include the study of 
detrital zircons to determine provenance and 
transportation routes within the depositional system. 
Paleontological research has become more refined, 
transitioning from simply the study of microfossils and 
biochronology to interpretations of global climatic events, 
including the definition of changes in sea level and oxygen 
isotopic variations indicative of paleotemperatures. As a 
result, the papers in this section are using stratigraphy to 
expand our understanding of the depositional history of 
the Sacramento forearc basin that was located at the 
western plate boundary of the North American Plate 
during late Mesozoic and early Cenozoic subduction of 
the Farallon Plate.

McDougall discusses the faunal changes in the 
Foraminifera and Calcareous Plankton assemblages in the 
Paleogene succession that can be linked to overall global 
climatic trends and are complicated by high temperature 
hypothermal events that spiked for relatively brief periods 

of time. This paper updates the age and environmental 
interpretations of the Paleogene formations in the Mount 
Diablo area.

Sullivan and others present a paper on the mid to late 
Cenozoic stratigraphy of the northeast limb of the Mount 
Diablo anticline, defined here as representing the uplifted 
western margin of the Sacramento basin. The succession 
records the evolution from a marine forearc basin during 
the latter stages of subduction in the early Cenozoic to a 
predominantly nonmarine succession with the change to a 
transform continental basin in the mid to late Cenozoic. 
Gooley and others analyzed the detrital zircons in the 
section and demonstrated that the lower Cenozoic 
succession had varying sources of sediment ranging from 
California’s Sierra Nevada batholith to the east, to the 
Idaho batholith and Challis volcanic field to the northeast 
in Idaho. In contrast, the provenance of detrital zircons in 
the mid to late Cenozoic section, indicates even more 
diverse sources, ranging from calderas penetrating the 
Nevadoplano to the east to strikingly different sources 
from the uplifts and volcanic centers in the Coast Ranges 
to the west and Cascades to the north.   

The paper by Wagner and others on the structure and 
stratigraphy of the East Bay Hills, is based on decades of 
field work where detailed mapping and stratigraphic 
analysis significantly reinterpreted the geology in this 
highly folded and faulted region west of Mount Diablo in 
an area bounded by the Calaveras and Hayward strike-slip 
faults. The major addition to earlier studies is that Wagner 
has collected and dated the tephra marker beds in this 
section. K-Ar dating of numerous tuffs in this section has 
revised the correlation of stratigraphic units within this 
area of complex faulting. Details of the tephrochronology 
of volcanic tuffs in the Cenozoic succession are more fully 
described by Sarna-Wojcicki and others. This study is also 
based on collecting and analyzing the tephra beds in the 
upper Cenozoic succession along with their postulated 
source areas. Tephra marker beds can be dated and their 
source can be determined from their chemistry when 
compared to known volcanic centers in the western United 
States. As a result, tephra beds can be correlated among 
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 
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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.

The breadth of research presented in this Memoir, all 
points to the origin of Mount Diablo as a relatively recent 
event in the long and complex geological history of the 
Coast California Ranges. 
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- Raymond Sullivan, Doris Sloan, Jeff Unruh and David 
Schwartz, volume editors.

The following table summarizes the 18 contributions to 
the volume, scheduled to be published by the Geological 
Society of America in Summer 2021.

TABLE OF CONTENTS

Preface  -  Raymond Sullivan, Doris Sloan, David 
Schwartz and Jeffrey Unruh

1. Geologic framework of Mount Diablo, California -  
Russell W. Graymer and Victoria E. Langenheim.

2.  History of geological investigations of Mount Diablo, 
Contra Costa County, California  -  Gregory Bartow.

3.  Mount Diablo mercury deposits - William E. Motzer 
and David A. Mustart

4.  The occurrence and mining of coal and sand deposits 
in the middle Eocene Domengine Formation of the Mount 
Diablo Coalfield, California  - Raymond Sullivan, Morgan 
D. Sullivan, Patrick Dedmon, and Stephen W.  Edwards.

5.  Aggregate mining on Mount Zion, Clayton, California 
- Joshua A. Goodwin.

6.  Petroleum occurrences in the Mount Diablo Area, 
California - Scott T. Hector, Karen E. Blake, and Timothy 
D. Elam.

7.  Erosion due to a century of road construction and 
maintenance at Mount Diablo State Park - Michael Fuller.

8.  Interaction of extensional, contractional, and strike-slip 
elements at Mount Diablo and the surrounding eastern 
Coast Ranges, San Francisco Bay Area, California: A 
model-based analysis - Donald A. Medwedeff

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, 
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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. 

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

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.
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/

Anne Sanquini, 1952-2020 
Anne Sanquini, beloved wife, daughter, sister, aunt, 
colleague, and friend passed away peacefully at her home 
in Saratoga, California on November 1, 2020 following a 
two and a half year courageous battle with cancer.  In 
keeping with COVID-19 guidelines, funeral attendance, 
in Minnesota, were limited.
Anne was born on December 11, 1952 in Minnesota, the 
third child of Herbert (Hippy) and Dolores Wagner. In 
addition to her mother, Anne was a true “renaissance 
woman.” Her talents were numerous: gifted singer, 
musician, marketing and communications genius, 
successful high-tech executive, talented gardener and 
florist, geological scientist, and avid hiker.
The many chapters of Anne’s life were characterized by 
a love of adventure and discovery. While still in college, 
working toward a B.A. in Journalism and Advertising at 
the University of Minnesota, she won a prestigious 
internship with the 3M Company, St. Paul, MN, where 
she became a marketing coordinator. She was soon 
recruited from 3M to Silicon Valley, where she worked 
in high tech for 30 years. In an era when there were few 
female role models in the industry, she quickly became 
one.
Anne joined Syntex Medical Systems in Palo Alto, 
California to coordinate their marketing and sales 
programs. Concurrent with additional studies in 
computer science and electrical engineering, Anne 
became a product-marketing engineer at National 
Semiconductor (now Texas Instruments) where she was 
progressively promoted with increased marketing 
responsibility for microprocessors, data networking, and 
telecommunications devices. Her last position at National 
Semiconductor was as corporate marketing vice 
president where she led global marketing and positioning 
programs and drove the early adoption of online 
information systems for customer engineers, which won 
an industry award.
Anne was recruited to join Sun Microsystems as 
corporate vice president of marketing for SunSoft where 
she led the development of strategy and marketing 
programs for the software group. Anne’s last occupation 
in the technology industry was as vice president and 
general manager for Mentor Graphics Corporation, 
where she was a company officer and headed up a $200 
million software business with global responsibility for 
product development and marketing.
Anne and her husband Richard were avid hikers, and 
traveled the world with extended family members. 

https://gsa-foundation.org/donate/
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During this time, Anne became curious about the 
stunning geography and geology of the earth. She 
returned to school after turning 50 and earned an M.S. in 
Geology from San Jose State University and a Ph.D. in 
Geological and Environmental Sciences from Stanford 
University.
She pursued a dissertation of mixed dimensions, 
including social sciences from her Journalism/ 
Advertising background. Anne wrote and produced a 
film designated to motivate community members to 
upgrade their schools in earthquake-prone Nepal. She 
developed a randomized controlled trial to test its 
effectiveness, which she implemented in the Kathmandu 
Valley, Nepal. Anne was finishing up her research in 
Nepal when the magnitude 7.8 earthquake struck in 2015. 
Amid the destruction, all the schools that had been 
retrofitted or rebuilt to be earthquake-resistant, survived.

https://news.stanford.edu/2015/05/22/nepal-quake-
buildings-052215/

Following graduation from Stanford University, Anne 
joined GeoHazards International, a nonprofit 
organization that works with people in developing 
countries to make them safer from natural hazards. At the 
time of her cancer diagnosis, Anne was serving on the 
board of GeoHazards International and also on the board 
of Acterra, an environmental nonprofit. She also actively 
served as a uniformed volunteer for Henry Coe State 
Park.
Dr. Sanquini is the author or co-author of scientific 
papers on paleoseismic studies and methods to accelerate 
the mitigation of natural hazard risk and improve 
community resilience. To colleagues and friends, Anne 
was creative, hard- working, compassionate, loyal, funny 
at times, and just plain  smart.
All the members of her family will sadly miss her. 
Despite extensive professional and academic 
commitments, she was extraordinarily generous with her 
time and support, making many trips to Minnesota and 
New York for holidays, graduations, and weddings. Anne 
was especially devoted to her nieces and nephews, as well 
as her husband Richard’s children and grandchildren, and 
had an endearing relationship with each one.
Anne is survived by her husband, Richard; and siblings, 
Mary, Joseph, James, Robert, Anthony, William, and 
Gerald. Her father, and brothers Thomas and John, 
preceded her in death.
If you wish, a donation may be made in her memory to 
geohaz.org/donate or to acterra.org/donate-now. 
Arrangements with the Wagner Funeral Home.  

Fall Lecture Series of Pacific Section, SEPM 
(Society for Sedimentary Geology)

Explore the latest in west-coast sedimentology in this 
semi-monthly, online lecture series hosted by the 
Pacific Section.  Lectures on interesting topics are held 
on the first and third Wednesdays of the month, at 5:00-
6:00 PM (Pacific Time).  You can join from home via 
Zoom, by going to www.pacificsectionsepm.org.
Lectures for 2021 have not yet been posted, but will be 
listed at the noted website.  They also plan (if feasible) 
a field trip in 2021 to the San Gabriel Mountains.
 

Information on Professional Registration 
with the State of California

Professional registrations for geologists are handled 
through the Board for Professional Engineers, Land 
Surveyors and Geologists, 2535 Capitol Oaks Drive, 
Suite 300, Sacramento, CA 95833, at (916) 263-2406, 
online at www.bpelsg.ca.gov.  Please visit the Board’s 
webpage and select the Online Services tab for a 
schedule of upcoming webinars, at 
https://www.bpelsg.ca.gov/online_services/index.shtml.

UC Berkeley Earth & Planetary Science 
Weekly Seminar Series

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 beginning January 21 for 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 the listing of 
upcoming seminars, go to 
http://eps.berkeley.edu/events/seminars. 

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.  
Normally held at Rambo Auditorium, 345 Middlefield 
Road, Menlo Park, the no upcoming evening public 
lectures are listed as of January 2021.  Check back 
later for information on newly scheduled lectures for 
2021, plus a map of the location, at: 
https://online.wr.usgs.gov/calendar/.

NCGS Outreach Opportunities
There are no announcements for NCGS outreach this 
month, but keep an eye on this space, and for emails that 
may come from Greg Bartow, our recording secretary.  

http://www.pacificsectionsepm.org/
http://www.bpelsg.ca.gov/
http://eps.berkeley.edu/events/seminars
https://online.wr.usgs.gov/calendar/


8

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

TWITTER @NORCALGEOSOC

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.

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. The next board 
meeting is scheduled for January 16 at 9:30 am (Board 
meetings are generally held on Saturday mornings in 
January, April/May, and August/September.) 

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.

2023 GSA Cordilleran Section Meeting 
Coming to Sacramento

John Wakabayashi has informed us that the 2023 GSA 
Cordilleran Section Meeting will be in Sacramento. 
John plans to lead a Mt Diablo Field trip for that 
meeting – his trips are great, so mark your calendars! 

Burning Fossil Fuels Helped Drive 
Earth’s Most Massive Extinction

Massive volcanic eruptions ignited oil and coal 
deposits in Siberia in the events that led to the 

Permian-Triassic “Great Dying” event 

New York Times, November 18, 2020

In rocks that formed in Northern Italy’s Dolomites and 
elsewhere around the time of the Permian-Triassic 
extinction, researchers detected spikes of a molecule formed 
from fossil fuel combustion. Credit: Renato Posenato, 
Ferrara University

By Lucas Joel

Paleontologists call it the Permian-Triassic mass 
extinction, but it has another name: “the Great Dying.” It 
happened about 252 million years ago, and, over the 
course of just tens of thousands of years, 96 percent of all 
life in the oceans and, perhaps, roughly 70 percent of all 
land life vanished forever.

The smoking gun was ancient volcanism in what is today 
Siberia, where volcanoes disgorged enough magma and 
lava over about a million years to cover an amount of land 
equivalent to a third or even half of the surface area of the 
United States.

But volcanism on its own didn’t cause the extinction. The 
Great Dying was fueled, two separate teams of scientists 
report in two recent papers, by extensive oil and coal 
deposits that the Siberian magma blazed through, leading 
to combustion that released greenhouse gases like carbon 
dioxide and methane.

“There was lots of oil, coal and carbonates formed before 
the extinction underground near the Siberian volcanism,” 
said Kunio Kaiho, a geochemist at Tohoku University in 
Sendai, Japan, and the lead author of one of the studies, 
published this month in Geology, which presented 
evidence for the burning of ancient fossil fuels by magma. 
“We discovered two volcanic combustion events 
coinciding with the end-Permian land extinction and 
marine extinction.”

The findings solidify the Great Dying as one of the best 
examples that we have from Earth’s history of what a 
changing climate can do to life on our planet.

http://ncgeolsoc.org/
mailto:tom.mackinnon@comcast.net
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Dr. Kaiho and his team retrieved samples from rock 
deposits in south China and northern Italy that formed 
around the time of the extinction, and they detected spikes 
of a molecule called coronene. That substance, Dr. Kaiho 
explained, is produced only when fossil fuels combust at 
extremely high temperatures — like those you might find 
in magma.

One potential issue with coronene, says Henrik Svenson, 
a geologist at the University of Oslo who was not involved 
in the work, is that it forms only at temperatures exceeding 
2,100 degrees Fahrenheit, and to reach such temperatures, 
the fossil fuels would have had to be enveloped inside the 
magma, not just sitting next to it.

But the team’s findings are backed up by a Nature 
Geoscience study published last month that presents 
chemical evidence for the acidification of the oceans after 
the fossil fuel combustion and greenhouse gas release.

As the planet warmed, the oceans absorbed more and more 
carbon dioxide. This caused waters to acidify to the point 
that organisms like corals would have dissolved, 
explained Hana Jurikova, a biogeochemist at the 
University of St. Andrews in Scotland who led the study. 
Dr. Jurikova and her team discovered spikes of the 
element boron — a proxy for acidity levels — in fossil 
brachiopod shells found in rocks in Italy that stretch across 
the extinction boundary.

“For the first time, we’re able to explain what caused the 
extinction,” Dr. Jurikova said. “If you just increase the 
temperature, organisms often find a way to cope. But the 
problem is if you really change temperature and 
acidification, and maybe nutrients, that’s when your 
organisms will not be able to adapt.” Today, with sea-
surface temperatures on the rise, the oceans are acidifying, 
and some shelled animals are already showing signs of 
their shells dissolving.

Dr. Svenson thinks the next step for geologists is field 
work in Siberia to get a handle on whether ancient magma 
interacted with the fossil fuel deposits as the new studies 
imply.

“A lot of this we simply do not know,” Dr. Svenson said.

While you may be tempted to draw an analogy between 
the Great Dying and today’s warming climate, there are 
significant differences. For one, the greenhouse gases 
emitted during the Permian-Triassic events were far 
greater than anything humans have produced. Also, the 
volcanoes released carbon dioxide 252 million years ago 
at a rate much slower than humans emit it today.

“The amount of carbon released to the atmosphere per 
year from the Siberian traps, it was still 14 times lower 
than the rate we have at the moment,” Dr. Jurikova said. 
“So, the amount of carbon we’re burning per year at the 

moment is much higher than during the largest extinction. 
I mean, that’s incredible, right?” 

Signs of Recent Volcanic Eruption on 
Mars Hint at Habitats for Life

Not thought to be volcanically active, Mars may 
have experienced an eruption just 53,000 years ago

New York Times, November 20, 2020

An image from NASA’s Mars Reconnaissance Orbiter shows a 
deposit in the Cerberus Fossae region on Mars that might be 
evidence of a recent pyroclastic volcanic eruption.         Credit: 
NASA/JPL/MSSS/The Murray Lab

By Jonathan O’Callaghan

Mars was once home to seas and oceans, and perhaps even 
life. But our neighboring world has long since dried up and 
its atmosphere has been blown away, while most activity 
beneath its surface has long ceased. It’s a dead planet.

Or is it?

Previous research has hinted at volcanic eruptions on Mars 
2.5 million years ago. But a new paper suggests an 
eruption occurred as recently as 53,000 years ago in a 
region called Cerberus Fossae, which would be the 
youngest known volcanic eruption on Mars. That drives 
home the prospect that beneath its rusty surface pocked 
with gigantic volcanoes that have gone silent, some 
volcanism still erupts to the surface at rare intervals.

“If this deposit is of volcanic origin then the Cerberus 
Fossae region may not be extinct and Mars may still be 
volcanically active today,” scientists at the University of 
Arizona and Smithsonian Institution, write in their paper 
— which was posted online ahead of peer review and has 
been submitted to the journal Icarus.

The site of the potential eruption, seen in images from 
Martian orbit, is near a large volcano called Elysium 
Mons. It is about 1,000 miles east of NASA’s stationary 
InSight lander, which touched down on Mars in 2018 to 
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study tectonic activity on the red planet. Appearing like a 
crack in the surface, the feature looks like a recent fissure 
eruption, where subsurface volcanic activity has caused 
superheated volcanic ash and dust to burst through the 
surface. It is similar to deposits caused by pyroclastic 
eruptions that scientists have spotted on the moon, 
Mercury and Earth.

Originating from magma deep beneath the surface, the 
eruption would have reached a height of several miles 
before falling back to the ground. By comparison, the 
eruption of Mount St. Helens in 1980 produced 100 times 
as much material, said Steven Anderson, an earth sciences 
professor at the University of Northern Colorado in 
Greeley, who was not involved in the paper.

It is the presence of darker material here, coupled with its 
symmetrical appearance around the fissure, that hints at an 
eruption. Known as a fault scarp, this type of feature is 
“very common in Hawaii” as magma near volcanoes 
causes the surface to expand and crack, says Robert 
Craddock from the Smithsonian Institution, a co-author on 
the paper.

By counting the number of craters visible around the 
feature and in the deposit itself, which is roughly six miles 
across, the team date the potential eruption ranging from 
53,000 to 210,000 years ago. This would by far be the 
youngest known volcanic eruption on Mars.

“I think it’s pretty compelling,” Dr. Anderson said.

If it holds up to scrutiny, the discovery would have large 
implications for Mars. In geological terms, 53,000 years is 
the blink of an eye, suggesting Mars might well still be 
volcanically active now. It could also have big 
implications for the search for life on Mars.

Such volcanic activity could melt subsurface ice, 
providing a potential habitable environment for living 
things. “To have life, you need energy, carbon, water and 
nutrients,” Dr. Anderson said. “And a volcanic system 
provides all of those.”

NASA’s InSight lander may have already recorded 
activity linked to this site. Using a seismometer, it has 
measured hundreds of “marsquakes” or vibrations in the 
Martian surface. But only two of these have been localized 
— and both came from Cerberus Fossae.

“It is certainly plausible that the tectonic activity is related 
to volcanic activity,” said Suzanne Smrekar from NASA’s 
Jet Propulsion Laboratory, who is the deputy principal 
investigator on the InSight mission.

It might be possible for InSight to look for more such 
activity soon. “It is an exciting paper,” Dr. Smrekar said. 
“Understanding the present day activity on Mars is indeed 
a mystery and key to investigating its evolution and 
habitability.”

Questions still remain, however. Lu Pan, a planetary 
scientist from the University of Copenhagen in Denmark, 
isn’t so sure about the team’s dating method. “If you want 
to date a very recent surface, you rely on the population of 
small impact craters,” Dr. Pan said. “And we have yet to 
build this large database of small impact craters.”

Even in a conservative scenario, however, David Horvath 
of the University of Arizona, the paper’s lead author, said 
the eruption would have been only a million years ago. 
That alone would breathe new life into our understanding 
of Mars. “It definitely leaves open the possibility that, 
deep in the surface, it may be active today,” he said.

Geoscientists discover Ancestral 
Puebloans survived from ice melt in 

New Mexico lava tubes
A lava tube in the El Malpais National Monument 
yields centuries-old insights of survival in the face 

of harsh climate change
ScienceDaily, November 18, 2020

Source: University of South Florida (USF Innovation)

For more than 10,000 years, the people who lived on the 
arid landscape of modern-day western New Mexico were 
renowned for their complex societies, unique architecture 
and early economic and political systems. But surviving 
in what Spanish explorers would later name El Malpais, 
or the "bad lands," required ingenuity now being 
explained for the first time by an international geosciences 
team led by the University of South Florida.
Exploring an ice-laden lava tube of the El Malpais 
National Monument and using precisely radiocarbon- 
dated charcoal found preserved deep in an ice deposit in a 
lava tube, USF geosciences Professor Bogdan Onac and 
his team discovered that Ancestral Puebloans survived 
devastating droughts by traveling deep into the caves to 
melt ancient ice as a water resource.
Dating back as far as AD 150 to 950, the water gatherers 
left behind charred material in the cave indicating they 
started small fires to melt the ice to collect as drinking 
water or perhaps for religious rituals. Working in 
collaboration with colleagues from the National Park 
Service, the University of Minnesota and a research 
institute from Romania, the team published its discovery 
in Scientific Reports.
The droughts are believed to have influenced settlement 
and subsistence strategies, agricultural intensification, 
demographic trends and migration of the complex 
Ancestral Puebloan societies that once inhabited the 
American Southwest. Researchers claim the discovery 
from ice deposits presents "unambiguous evidence" of 
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five drought events that impacted Ancestral Puebloan 
society during those centuries.
"This discovery sheds light on one of the many human-
environment interactions in the Southwest at a time when 
climate change forced people to find water resources in 
unexpected places," Onac said, noting that the geological 
conditions that supported the discovery are now 
threatened by modern climate change.
"The melting cave ice under current climate conditions is 
both uncovering and threatening a fragile source of 
paleoenvironmental and archaeological evidence," he 
added.
Onac specializes in exploring the depths of caves around 
the world where ice and other geological formations and 
features provide a window to past sea level and climate 
conditions and help add important context to today's 
climate challenges.
Their study focused on a single lava tube amid a 40-mile 
swatch of treacherous ancient lava flows that host 
numerous lava tubes, many with significant ice deposits. 
While archaeologists have suspected that some of the 
surface trails crisscrossing the lava flows were left by 
ancient inhabitants searching for water, the research team 
said their work is the earliest, directly dated proof of water 
harvesting within the lava tubes of the Southwest.
The study characterizes five drought periods over an 800-
year period during which Ancestral Puebloans accessed 
the cave, whose entrance sits more than 2,200 meters 
above sea level and has been surveyed at a length of 171 
meters long and about 14 meters in depth. The cave 
contains an ice block that appears to be a remnant of a 
much larger ice deposit that once filled most of the cave's 
deepest section. For safety and conservation reasons, the 
National Park Service is identifying the site only as Cave 
29.
In years with normal temperatures, the melting of seasonal 
ice near cave entrances would leave temporary shallow 
pools of water that would have been accessible to the 
Ancestral Puebloans. But when the ice was absent or 
retreated in warmer and dryer periods, the researchers 
documented evidence showing that the Ancestral 
Puebloans repeatedly worked their way to the back of the 
cave to light small fires to melt the ice block and capture 
the water.
They left behind charcoal and ash deposits, as well as a 
Cibola Gray Ware pottery shard that researchers found as 
they harvested a core of ancient ice from the block. The 
team believes the Ancestral Puebloans were able to 
manage smoke within the cave with its natural air 
circulation system by keeping the fires small.
The discovery was an unexpected one, Onac said. The 
team's original goal in its journey into the lava tube was to 

gather samples to reconstruct the paleoclimate using ice 
deposits, which are slowly but steadily melting.
"I have entered many lava tubes, but this one was special 
because of the amount of charcoal present on the floor in 
the deeper part of the cave," he said. "I thought it was an 
interesting topic, but only once we found charcoal and 
soot in the ice core that the idea to connect the use of ice 
as a water resource came to my mind."
Unfortunately, researchers are now racing against the 
clock as modern climate conditions are causing the cave 
ice to melt, resulting in the loss of ancient climate data. 
Onac said he recently received support from the National 
Science Foundation to continue the research in the lava 
tubes before the geological evidence disappears.
Joining in the exploration and research were Dylan S. 
Parmenter, whose master's degree at USF was on the topic 
and is now a doctoral student at the University of 
Minnesota, Steven M. Baumann and Eric Weaver of the 
National Park Service, and Tiberiu B. Sava of the Horia 
Hulubei National Institute for Physics and Nuclear 
Engineering in Romania. The research was funded by the 
National Park Service and the National Science 
Foundation.
Journal Reference: Bogdan P. Onac, Steven M. 
Baumann, Dylan S. Parmenter, Eric Weaver, Tiberiu B. 
Sava. Late Holocene droughts and cave ice harvesting by 
Ancestral Puebloans. Scientific Reports, 2020; 10 (1) DOI: 
10.1038/s41598-020-76988-1.

Why crocodiles have changed so little 
since the age of the dinosaurs

ScienceDaily, January 7, 2021
Source: University of Bristol

New research by scientists at the University of Bristol 
explains how a 'stop-start' pattern of evolution, governed 
by environmental change, could explain why crocodiles 
have changed so little since the age of the dinosaurs.

Crocodiles today look very similar to ones from the 
Jurassic period some 200 million years ago. There are also 
very few species alive today -- just 25. Other animals such 
as lizards and birds have achieved a diversity of many 
thousands of species in the same amount of time or less.

Prehistory also saw types of crocodile we don't see today, 
including giants as big as dinosaurs, plant-eaters, fast 
runners and serpentine forms that lived in the sea.

In the new research, published today in the journal Nature 
Communications Biology, the scientists explain how 
crocodiles follow a pattern of evolution known as 
'punctuated equilibrium'.
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The rate of their evolution is generally slow, but 
occasionally they evolve more quickly because the 
environment has changed. In particular, this new research 
suggests that their evolution speeds up when the climate is 
warmer, and that their body size increases.

Lead author Dr Max Stockdale from the University of 
Bristol's School of Geographical Sciences, said: "Our 
analysis used a machine learning algorithm to estimate 
rates of evolution. Evolutionary rate is the amount of 
change that has taken place over a given amount of time, 
which we can work out by comparing measurements from 
fossils and taking into account how old they are.

"For our study we measured body size, which is important 
because it interacts with how fast animals grow, how 
much food they need, how big their populations are and 
how likely they are to become extinct."

The findings show that the limited diversity of crocodiles 
and their apparent lack of evolution is a result of a slow 
evolutionary rate. It seems the crocodiles arrived at a body 
plan that was very efficient and versatile enough that they 
didn't need to change it in order to survive.

This versatility could be one explanation why crocodiles 
survived the meteor impact at the end of the Cretaceous 
period, in which the dinosaurs perished. Crocodiles 
generally thrive better in warm conditions because they 
cannot control their body temperature and require warmth 
from the environment.

The climate during the age of dinosaurs was warmer than 
it is today, and that may explain why there were many 
more varieties of crocodile than we see now. Being able 
to draw energy from the sun means they do not need to eat 
as much as a warm-blooded animal like a bird or a 
mammal.

Dr Stockdale added: "It is fascinating to see how intricate 
a relationship exists between the earth and the living 
things we share it with. The crocodiles landed upon a 
lifestyle that was versatile enough to adapt to the 
enormous environmental changes that have taken place 
since the dinosaurs were around." The next step for the 
team's research is to find out why some types of 
prehistoric crocodile died out, while others didn't.

Journal Reference: Maximilian T. Stockdale, Michael J. 
Benton. Environmental drivers of body size evolution in 
crocodile-line archosaurs. Communications Biology, 
2021; 4 (1) DOI: 10.1038/s42003-020-01561-5. 
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NORTHERN CALIFORNIA GEOLOGICAL SOCIETY

MEMBERSHIP TYPE:  ______ RENEWAL, or  _____ NEW MEMBER APPLICATION

Please check one option above, complete this form, and include your check made out to NCGS.

Mail to:  Don Medwedeff, NCGS Treasurer, 146 Roan Drive, Danville, CA  94526-1915.

Please note:  Regular members may pay dues for up to three years in advance.

Dues (select one)
Regular $20 / year (emailed newsletter only) x (circle one) 1 / 2 / 3 years $_______
Regular $30 / year (USPS mailed newsletter only) x (circle one) 1 / 2 / 3 years $_______
Student $ 5 / year (emailed newsletter only) $_______

Contribution (optional)
Scholarship $_______
Teacher Award $_______

TOTAL $_______

The membership year begins on September 1.  Dues submitted after June 1 will be credited to the    
following year.

Please provide the following (for renewal, provide name and any changes since last year):
Name:___________________________________________________________________________
Address:_________________________________________________________________________
City, State, Zip:___________________________________________________________________
Phone:  Home:__________________ Cell:____________________ Office:____________________
Email:___________________________________________________________________________
Employer:_________________________________________ Job Title:_______________________

New Members: How did you hear about NCGS?_______________________________________

I am interested in helping with:

____NCGS Outreach     ____Field Trips      ____Newsletter      ____Website      ____Programs

____K-12 Programs     ____Scholarships     ____Membership     ____AAPG Delegate
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Northern California Geological Society
c/o Mark Sorensen
734 14th Street, #2
San Francisco, CA  94114

(Continued from Page 1)
Since 2011 I have been a prof at McGill University, 
and the Wares Faculty Scholar in Economic 
Geology.  I hold the Canada Research Chair in 
Earthquake Geology. In addition to earthquake 
geology and fault mapping, I work on the 
relationships between faults and ore deposits 
(especially gold), soft sediment deformation, X-ray 
diffraction, and rock mechanics. At McGill I teach 
an intro field methods course, field school, 
structural geology, and tectonics.  For a more 
theoretical background on the geology of the 
earthquake cycle, I invite NCGS members to check 
out the Francis Birch Lecture I gave "at" the 2020 
AGU meeting (https://youtu.be/S8lijph56hk). 

Meeting held 
online only

To NCGS members receiving the newsletter by U.S. Mail only: Would you like to instead receive the 
NCGS newsletter by e-mail?  If you are not already doing so, and would like to, please contact Tom Barry 
at tomasbarry@aol.com.

https://youtu.be/S8lijph56hk
mailto:tomasbarry@aol.com
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