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- - NO MEETING for MAY 2020 - Due to Coronavirus Pandemic Concerns
As you may have anticipated, we will have to cancel our May
NCGS meeting, for the third month running. We hope and
trust that everyone will practice social distancing and will
remain safe, especially in any inside spaces outside the home.
Until we can meet again as geologists should, we’ll continue
to publish newsletters to help us all try to stay somewhat
current on news of developments in our field. In the body of
the newsletter we have our normal collection of geology news
summaries.
Here’s hoping that we can meet again soon, and perhaps
organize a reprise of the excellent field trip on Mount Diablo
that was led last fall by Don Medwedeff and Will Schweller.
In the meantime, be safe!

COUNSELORS
Don Lewis, Retired
donlewis @ comcast.net
Ray Sullivan, Emeritus Prof., SF State
University, rays.rock @ gmail.com
Noelle Schoellkopf, Retired
NoellePrince @ sbcglobal.net
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NCGS 2019 – 2020 Calendar

Miocene Volcanic Rocks on East Fay, Sullivan et al.
side of Mt. Diablo

Tentative – subject to change

Recent Seismicity

Chapter 3 – Stratigraphy
Stratigraphy, Northeastern Flank Sullivan et al.

June 24
7:00 pm
Jared Gooley, Stanford University (Ph.D. candidate)
Tectonic evolution of the central California margin as
reflected by detrital zircon composition in Mt. Diablo
region

Detrital Zircon Study of the Gooley and
Tertiary
Graham
Tephra Provenance of the Upper Sarna-Wojcicki et
Tertiary
al.
Miocene Rocks of Contra Costa

THE 75th ANNIVERSARY VOLUME OF
THE NORTHERN CALIFORNIA
GEOLOGICAL SOCIETY:
THE REGIONAL GEOLOGICAL
SETTING OF MOUNT DIABLO

Paleogene biotic events of the McDougall
San Francisco Area

NCGS 75th Anniversary
It’s been 75 years since the NCGS began as an
outgrowth of a genial gathering, over brews, of
geologists from a variety of mostly petroleum
exploration companies, in Rio Vista in 1944. Please
join us in 2019 as we celebrate this landmark
anniversary, and come to as many of our events as you
can! We are progressing toward completion of the
release The Regional Geologic Setting of Mount
Diablo in a special publication of the GSA.

Author(s)

History of Geological
Exploration

Bartow

History of Coal and Sand
Mining
Mineral Deposits on Mt Diablo
Aggregate Mining: Clayton
Quarries on Mt. Zion
Exploration Oil and Gas

Sullivan, Dedmon
et al.

Franciscan Complex Mt Diablo

Wakabayashi

Regional Framework

Graymer

Ross, Edwards et
al.

Late Tertiary Geological History Sarna-Wojcicki et
al.

The following table summarizes the contributions to the
Volume scheduled to be published by the Geological
Society of America in December 2020. The editors are
Ray Sullivan, Doris Sloan, Jeff Unruh, and David
Schwartz.
Table of Contents
Chapter 1 – Introduction

Schwartz

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

Motzer
Goodwin

Members can simply send a check or online donation
to the GSA Foundation and ask that it go to the
Publications Fund. In addition to that, they will need to
identify the book project. There is a spot in the online
donation system where they can specify details about
their donation. If they simply write "Mt. Diablo" the
funds will get to where they need to. If sending a check,
please write "Pubs Fund Mt. Diablo" on the memo line.

Hector, Elam, and
Blake
Geomorphic Evolution due to Fuller
road construction
Chapter 2 – Structure

Structural
Analysis
of Unruh and Hector
Cretaceous/Tertiary Boundary

Online Learning with American
Geosciences Institute

Deformational
history
and Unruh
Stratigraphic relationships at Mt
Diablo and Rio Vista basin

With many geoscience programs now needing to
quickly shift to online teaching, the American
Geosciences Institute (AGI) wants to make sure all
faculty are aware of the 29 modules in the free-to-take
Geoscience Online Learning Initiative (GOLI) platform,
which is a joint effort of AGI, AIPG, SEPM, and ASBOG.

Tectonic Development of Mt. Figuers and Crane
Diablo: A Retrospective
(deceased)
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GOLI courses range in duration from 1 to 10 hours in instructions on how to register, check out the handy
length, addressing a range of geoscience topics and guide on their website (http://aegsf.org/archives/753)
skills from writing in the geosciences to geoethics to
~All Proceeds to the NEW AEGSF Student
advanced environmental geochemistry, among
Scholarship Fund~
others. These modules are ready to go and available
for your students right now.
Join them for upcoming events and keep up to date with
their latest news at www.aegsf.org.
GOLI courses are always free-to-take. If a student
wishes to earn continuing education credits for June speaker: 2019-2020 Jahns Lecturer Scott Lindvall
successfully completing the course and apply them They’re looking for Speakers! Email chair@aegsf.org
towards licensing or other professional needs, they if you’re interested.
have the option to pay a nominal fee. Please
visithttps://goli.americangeosciences.org.
If you have any questions regarding GOLI, feel free to
email goli@americangeosciences.org.
Currently available GOLI courses, among others:
An Introduction to Professional Writing for Geoscience
Careers
Telling your Geoscience Story with Story Maps
Professional Geologist Licensure Requirements and the
ASBOG National Geology License Examinations
Fundamentals of Professional Ethics: Elements and
Examples
Tracking the Global Supply of Critical Materials
Desalination as a Source of Fresh Water
Techniques for Developing High Resolution LNAPL
Conceptual Site Models
Converting Membrane Interface Probe Sensor Results
into VOC NAPL Distribution Information

RSVP today to attend the AEGSF
May 2020 Meeting!
The Geology of San Francisco, California

Ron Crane obituary

Kenneth Johnson, PhD, CEG, PE, Senior Supervising
Geological Engineer, WSP-Parsons Brinckerhoff (see
illustration)

May 6, 2020
Ron Crane, called by some a geologist’s geologist and
Diablo Range mapper extraordinaire, passed away
January 15, 2020, in Manteca. Ron was NCGS
president in 2000, Field Trip Director in 1988, and a
Counselor 1998-2005. He holds the record for leading
NCGS field trips at 13, mainly on Mount Diablo but
also in several Diablo Range places, and all were
popular and well attended.

“geology lies at the heart of everything!”
Details: 6PM Tuesday May 19, 2020; see
http://aegsf.org/wp-content/uploads/2020/05/May2020-Meeting-Announcement-3.pdf.
Location: Remote (web-cast / call-in)
Cost: FREE (optional fundraiser for AEGSF student
scholarship fund)

Ron was born in 1934 in Nunday, New York. He
received his BA from Colgate University in 1955, Phi
Betta Kappa, and went on to Indiana University,
receiving an MA in 1958 and a PhD in 1960 in
sedimentology and clay mineralogy. He received a full
ride scholarship from Chevron for his graduate work, so

Registration: Please Register ONLINE by 12 PM,
Tuesday May 19, 2020
(http://aegsf.org/rsvpmaker/may-2020-meeting-thegeology-of-san-francisco). For step-by-step
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it’s not surprising that he then spent his career with
Chevron, starting in 1958 in Salt Lake City. With
Chevron, he moved from Salt Lake to Casper to New
Orleans to Midland to Anchorage and finally landed in
the Bay Area in 1971. He worked for Chevron’s U.S.
company, mainly figuring out the structural geology of
Alaska’s North Slope, until 1984 when he transferred to
Chevron’s overseas unit but remained in San Ramon. In
that assignment, he puzzled out thrust belt geology in
Italy’s Apennines and the southern Alps, among other
things.

print book and turning it into a digital experience
through Google Earth.

Streetcar 2 Subduction is designed for anyone to
explore the geology of the San Francisco Bay area with
their phone or cellular enabled device and the Google
Earth App. The experience is modular and can take
anyone from a few hours to a few days depending on
how many trips and stops they would like to make.
Many of the trips are accessible through public
transportation, but a few outlying trips are best reached
by driving. The trip can also be explored by those at
After retiring from getting paid in 1990, Ron went back home through their internet browser, at:
to geology for geology’s sake and started mapping https://www.agu.org/learn-andMount Diablo and the Diablo Range to the south. He develop/learn/streetcar2subduction/streetcar2subduction
was most interested in the structural geology but also
spent a lot of time on the often poorly exposed
NCGS Outreach Opportunities
stratigraphy. He was an exponent in Alaska of an
olistostrome interpretation for some of its difficult There are no announcements for NCGS outreach this
stratigraphy and brought that experience to the Diablo month, but keep an eye on this space, and for emails that
Range. He made over 200 structural cross sections, may come from Crystal Replogle, our recording
many of which were published in 2007 on CD by the secretary. The outreach group had a successful day
Pacific Section of the American Association of interfacing with students at last fall’s science fair at
California State East Bay.
Petroleum Geologists.
Ron was an active board member of the Danville Parks WE HAVE A FACEBOOK GROUP! FIND US
and Recreation Commission and the East Bay Regional
ON FACEBOOK @NCGEOLSOC AND
Parks Advisory Committee. He was preceded in death
by his wife Barbara “Bobbie”, with whom he had six
TWITTER @NORCALGEOSOC
children. He had eight grandchildren and seven greatgrandchildren.
Check out our updated NCGS Website at
Ron loved to unravel things that others had walked http://ncgeolsoc.org/. We have posted many older field
away from shaking their heads. That served him well in trip guidebooks for free downloading, and we describe
his mapping of the Diablo Range. He was a stalwart of the process for purchasing newer guidebooks. The
the NCGS for many years and will be missed by his website includes a list of upcoming meetings,
information on our scholarship program, a list of useful
many friends.
web links, and list of NCGS officers.
[The editor thanks Don Lewis for this contribution.]

UC Berkeley Earth & Planetary Science
Weekly Seminar Series

New Streetcar 2 Subduction Geological
Field Trips Using Google Earth

Interesting seminars are presented at 141 McCone Hall
on Thursdays (usually) at 3:45 pm for most of the
academic year, from late August through early May. It
is likely that all the talks previously scheduled for May
2020 will be cancelled. For a list of seminars, go to
http://eps.berkeley.edu/events/seminars.

Streetcar 2 Subduction is a collection of geological
field trips that take users to some of the world-class
geological sites of the San Francisco Bay Area. In 1979,
Clyde Wahrhaftig created a geology tour of the San
Francisco Bay Area, which was updated and published
by American Geophysical Union(AGU) as “A Streetcar
to Subduction and Other Plate Tectonic Trips by Public
Transport in San Francisco” in 1984. Forty years later,
as part of AGU’s Centennial, the “Streetcar” tours have
been revised, with new trips added, and old exposures
that have vanished removed, taking what once was a

NCGS Board Meetings
The previously-scheduled April 2020 NCGS Board of
Directors meeting was not held, but has been re-scheduled
to May 23 at 2 pm, online as a Zoom meeting. Board
meetings are open to all NCGS members. Please contact
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Tom MacKinnon if you’d like to attend, at
tom.mackinnon@comcast.net.
(Under
normal
circumstances, Board meetings are generally held on
Saturday mornings in January, April/May, and
September.)

Lava piles of the Central Atlantic Magmatic Province in
Morocco (Midelt) Photograph: Andrea Marzoli

Volcanic eruptions played an important and direct role in
triggering the extreme climate that killed off swathes of
life at the end of the Triassic period 201m years ago,
researchers have found. Experts say they have discovered
USGS Evening Public Lecture Series bubbles of carbon dioxide trapped in volcanic rocks dating
The USGS evening public lecture series events are free to the end of the Triassic, backing up the theory that such
and are intended for a general public audience that may activity contributed to the greenhouse climate that is
not be familiar with the science being discussed. believed to have been behind the mass extinction.
Normally held at Rambo Auditorium, 345 Middlefield “This biotic crisis wiped out almost half of the existing
Road, Menlo Park, there will be no evening public species of the late Triassic in both marine and terrestrial
lectures in Spring 2020. For more information on the realms,” said Manfredo Capriolo of the University of
lectures, and for a map of the location, go to: Padova in Italy, a co-author of the study.
https://online.wr.usgs.gov/calendar/.
While Capriolo noted the end-Triassic mass extinction has
long been known to have been caused by extreme climate
Renewed your membership?
change, and that there was large-scale volcanic activity at
Welcome to a new decade – but now is the time to check the time, he said it had been unclear whether the volcanic
your membership status. Please see page 13 for a blank activity directly contributed to the extinction event.
registration form, and mail it in as indicated, or drop it Among other possibilities, he said, it could have been that
magma caused the emission of gases as it flowed into
off with Barbara Matz at the check-in desk at the next
shallow sediments.
meeting.
The new work, said Capriolo, shows that carbon dioxide
released directly by volcanic activity would indeed have
2023 GSA Cordilleran Section Meeting
made a large contribution to the devastating climate
Coming to Sacramento
change of the time.
John Wakabayashi has informed us that the 2023 GSA
Indeed the team say the amount of carbon emissions
Cordilleran Section Meeting will be in Sacramento.
released in a single pulse of eruptions – which would have
John plans to lead a Mt Diablo Field trip for that
resulted in about 100,000 km3 of lava being spewed forth
meeting – his trips are great, so mark your calendars!
over 500 years – is on a par with the total expected to be
produced by human activity over the 21st century,
assuming a 2 ⁰C rise in global temperature above preindustrial levels.

Volcanic activity helped trigger
Triassic climate change, study says

That, they say, offers a sobering warning for today.
Research offers ‘a sobering warning’ on the impact
“[This] suggests that the end-Triassic climatic and
of today’s climate emergency
environmental changes, driven by CO2 emissions, may
Source: The Guardian, Nicola Davis
have been similar to those predicted for the near future,”
the team write.
Date Published: Tue 7 Apr 2020
Capriolo stressed the similarity in CO2 levels was striking.
“The end-Triassic world and the modern one are very
different, as well as the origin of the greenhouse gas
emissions, but we, as geoscientists, announce this
alarming comparison,” he said.
Writing in the journal Nature Communications, Capriolo
and colleagues report how they studied more than 200
samples of rock from North America, Morocco and
Portugal. These were deposited towards the end of the
Triassic, in volcanic activity that contributed to the
breakup of the Pangea supercontinent and the opening up
of the central Atlantic Ocean, with the rocks creating what
is known as the Central Atlantic Magmatic Province – a
5

vast expanse covering an area about a third of the size the One omission in particular has puzzled scientists for
moon.
well over a century. First noticed by John Wesley
The team found around 10% of the samples showed the Powell in 1869 in the layers of the Grand Canyon, the
presences of bubbles within small blobs of magma trapped Great Unconformity, as it's known, accounts for more
by crystals in the rocks, most of which were found to than one billion years of missing rock in certain places.
contain carbon dioxide. Further analysis, they say, Scientists have developed several hypotheses to explain
suggests the gas probably became entrapped deep within how, and when, this staggering amount of material may
the Earth’s crust, suggesting it originated in the lower- have been eroded. Now, UC Santa Barbara geologist
middle crust or in the mantle.
Francis Macdonald and his colleagues at the University
From these findings the team were able to calculate the of Colorado, Boulder and at Colorado College believe
concentration of carbon dioxide that would have been they may have ruled out one of the more popular of
present in the magma of the volcanic eruptions, revealing these. Their study appears in the Proceedings of the
that up to 100,000 Gt of carbon dioxide would have been National Academy of Sciences.
released in total as the volcanic rocks were laid down.
"There are unconformities all through the rock record,"
Dr Jessica Whiteside, associate professor of geochemistry explained Macdonald, a professor in the Department of
at the University of Southampton who was not involved in Earth Science. "Unconformities are just gaps in time
the work, said the role of volcanic activity in the end- within the rock record. This one's called the Great
Triassic mass extinction had been a matter of much Unconformity because it was thought to be a
debate. “Over the past 30 years, the question as to whether particularly large gap, maybe a global gap."
widespread volcanic eruptions trigger climatic effects
severe enough to result in extinction has waxed and A leading thought is that glaciers scoured away
waned, from most certainly no to most certainly yes,” she kilometers of rock around 720 to 635 million years ago,
during a time known as Snowball Earth, when the planet
said.
was completely covered by ice. This hypothesis even
The new study, she said, added weight to the latter view.
“The study reports new evidence that is the most has the benefit of helping to explain the rapid
conclusive that has been produced for CO2 being emitted emergence of complex organisms shortly thereafter, in
directly from individual lava eruptions relating to the the Cambrian explosion, since all this eroded material
Central Atlantic Magmatic Province,” she said, adding could have seeded the oceans with tremendous amounts
that the report reveals pulses of the eruptions spewed out of nutrients.
amounts on a par to those produced by human activities, Macdonald was skeptical of this reasoning. Although
with devastating effects.
analogues of the Great Unconformity appear throughout
That, Whiteside added, provided lessons for today. “The the world -- with similar amounts of rock missing from
initiation of these eruptions created one of the warmest similar stretches of time -- they don't line up perfectly.
climate since the dawn of animal life on our planet, and This casts doubt as to whether they were truly eroded
coincided with massive extinction on land and in the by a global event like Snowball Earth.
oceans,” she said.
Part of the challenge of investigating the Great
Unconformity is that it happened so long ago, and the
A billion years missing from geologic Earth is a messy system. "These rocks have been buried
and eroded multiple times through their history,"
record: Where it may have gone
Macdonald said.
ScienceDaily, May 7, 2020
Fortunately, the team was able to test this hypothesis
Source: Unisversity of California – Santa Barbara
using a technique called thermochronology. A few
The geologic record is exactly that: a record. The strata kilometers below the Earth's surface, the temperature
of rock tell scientists about past environments, much begins to rise as you get closer to the planet's hot mantle.
like pages in an encyclopedia. Except this reference This creates a temperature gradient of roughly 50
book has more pages missing than it has remaining. So degrees Celsius for every kilometer of depth. And this
geologists are tasked not only with understanding what temperature regime can become imprinted in certain
is there, but also with figuring out what's not, and where minerals.

it went.

As certain radioactive elements in rocks break down,
helium-4 is produced. In fact, helium is constantly being
generated, but the fraction retained in different minerals
6

is a function of temperature. As a result, scientists can
use the ratio of helium to thorium and uranium in certain
minerals as a paleo-thermometer. This phenomenon
enabled Macdonald and his coauthors to track how rock
moved in the crust as it was buried and eroded through
the ages.

"The Cambrian explosion was Darwin's dilemma,"
Macdonald remarked. "This is a 200-year old question.
If we can solve that, we would definitely be rock stars."

Journal Reference: Rebecca M. Flowers, Francis A.
Macdonald, Christine S. Siddoway, Rachel Havranek.
Diachronous development of Great Unconformities
"These unconformities are forming again and again before Neoproterozoic Snowball Earth. Proceedings of
through tectonic processes," Macdonald said. "What's the National Academy of Sciences, 2020; 201913131
really new is we can now access this much older DOI: 10.1073/pnas.1913131117.
history."

Fracking and earthquake risk
The team took samples from granite just below the
boundary of the Great Unconformity at Pikes Peak in
New approach to managing risk of earthquakes
Colorado. They extracted grains of a particularly
triggered by fracking
resilient mineral, zircon, from the stone and analyzed
ScienceDaily, April 27, 2020
the radio nucleotides of helium contained inside. The
Source: Stanford's School of Earth, Energy &
technique revealed that several kilometers of rock had
Environmental Sciences
been eroded from above this granite between 1,000 and
720 million years ago
Hydraulic fracturing for oil and gas production can trigger
Importantly, this stretch of time definitively came earthquakes, large and small. A new approach to
before the Snowball Earth episodes. In fact, it lines up managing the risk of these quakes could help operators
much better with the periods in which the and regulators hit the brakes early enough to prevent
supercontinent Rodinia was forming and breaking nuisance and reduce the chance of property damage and
injury.
apart. This offers a clue to the processes that may have
The approach, developed by four Stanford University
stricken these years from the geologic record.
researchers and published April 28 in the Bulletin of the
"The basic hypothesis is that this large-scale erosion Seismological Society of America, centers on a
was driven by the formation and separation of calculation of the risk that shaking triggered by a given
supercontinents," Macdonald said.
project will be felt in surrounding communities -- long
The Earth's cycle of supercontinent formation and before earthquakes grow large enough to do harm.
separation uplifts and erodes incredible extents of rock Hydraulic fracturing, or fracking, involves pumping fluids
over long periods of time. And because supercontinent at high pressure into wells drilled down into and across
processes, by definition, involve a lot of land, their rock formations thousands of feet underground. The
effects can appear fairly synchronous across the pressure creates small earthquakes that break the rock,
geologic record.
forcing open existing fractures or creating new ones.
However, these processes don't happen simultaneously, Petroleum then flows more easily out of the cracked rocks
as they would in a global event like Snowball Earth. "It's and into the well. "The goal is to make many tiny
earthquakes, but sometimes they are larger than planned,"
a messy process," Macdonald said. "There are
said study co-author William Ellsworth, a geophysics
differences, and now we have the ability to perhaps
professor at Stanford's School of Earth, Energy &
resolve those differences and pull that record out."
Environmental Sciences (Stanford Earth).
While Macdonald's results are consistent with a tectonic By taking the local risk of nuisance-level shaking as its
origin for these great unconformities, they don't end the starting point, the new strategy contrasts with the current
debate. Geologists will need to complement this work common practice for managing fracking-related quakes
with similar studies in other regions of the world in based on size. Under a system known as a traffic-light
order to better constrain these events.
protocol, operators have a green light to proceed as long
The mystery of the Great Unconformity is inherently as earthquakes remain relatively small. Larger
tied to two of geology's other great enigmas: the rise and earthquakes may require an operator to adjust or stop
fall of Snowball Earth and the sudden emergence of work. The system is widely used to manage hazards of
complex life in the Ediacaran and Cambrian. Progress fracking for oil and gas in the United States, Canada,
China and Europe, and also for geothermal energy
in any one could help researchers finally crack the lot.
development in South Korea, Europe and the United
States.
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"Implicitly, I think regulators have had risk in the back of
their mind," said study co-author Greg Beroza, a
geophysics professor at Stanford. "But risk-based
frameworks have not been used previously -- perhaps
because it requires a bit of extra analysis."

made," Schultz said, "and facilitating a conversation
between operators, regulators and the public."
In general, the authors recommend setting yellow-light
thresholds approximately two magnitude units below the
red light. According to their analysis, this would result in
1 percent of cases jumping from the green zone straight to
red. "If you stop the operation right at or before the
threshold for damage, you're assuming you have perfect
control, and often that's not the reality," Schultz said.
"Often, the biggest earthquakes happen after you've turned
off the pumps."

Earthquake size offers a rough proxy for how much
damage can be expected, and it's a measure that regulators
and operators can monitor in real time. The problem is
quakes of the same size can present very different risks
from one location to another due to differences in
population density. "A project located in a virtually
uninhabited area of west Texas would pose a much lower
Journal Reference: Jack Baker, William Ellsworth, Greg
risk than a similar project located near a city," Ellsworth
Beroza, Ryan Schultz. Risk-Informed Recommendations
explained.
for Managing Hydraulic Fracturing–Induced Seismicity
In addition, geological factors including earthquake depth, via Traffic Light Protocols. Bulletin of the Seismological
fault geometry and local soil conditions can influence how Society of America, 2020; DOI: 10.1785/0120200016.
an earthquake's energy -- and potential to do damage -becomes amplified or peters out as it travels underground. Clean Water Act Covers Groundwater
All of this context is key to honing in on a tolerable
Discharges, Supreme Court Rules
amount of shaking and establishing traffic-light thresholds
accordingly.
In a 6-to-3 ruling, the court rejected arguments by a
"Areas such as Oklahoma, with buildings that were not county in Hawaii and the Trump administration
designed to resist strong shaking, or areas that anticipate that only pollution discharged directly into
amplified shaking due to soft soils, can account for their navigable waters requires permits.
community needs with this approach," said study coNew York Times, April 23, 2020
author Jack Baker, a professor of civil and environmental
By Adam Liptak
engineering who leads the Stanford Center for Induced
and Triggered Seismicity with Beroza, Ellsworth and WASHINGTON — The Supreme Court ruled on
Stanford geophysicist Mark Zoback.
Thursday that the Clean Water Act applies to some
The Stanford researchers developed mathematical pollutants that reach the sea and other protected waters
techniques to account for the web of risk factors that shape indirectly through groundwater. The case, County of
the probability of an earthquake generating noticeable or Maui v. Hawaii Wildlife Fund, No. 18-260, concerned
damaging shaking in a specific location. They built upon a wastewater treatment plant on Maui, Hawaii, that used
these techniques to make a translation to earthquake injection wells to dispose of some four million gallons
magnitude. This allowed them to create guidelines for of treated sewage each day by pumping it into
devising new traffic-light protocols that still use groundwater about a half-mile from the Pacific Ocean.
earthquake size to clearly delineate between the green, Some of the waste reached the ocean.
yellow and red zones, but with much more tailoring to
Environmental groups sued, calling it “the clean water
local concerns and geology.
case of the century.” A ruling in favor of the treatment
"If you tell me what exposure you have in a certain area plant “would open a massive loophole for every polluter
- population density, site amplification, distance to towns
in the country to avoid regulation,” David L. Henkin, a
or critical infrastructure -- our analysis can spit out
numbers for green-, yellow- and red-light thresholds that lawyer with Earthjustice, said in November. In the
are fairly well informed by real-world risks," said lead Supreme Court, the Trump administration filed a brief
study author Ryan Schultz, a PhD student in geophysics. supporting Maui County, which operates the treatment
plant, saying that the law does not apply to discharges
The analysis also makes it possible, he added, to start out that travel through groundwater before reaching
with some level of risk deemed tolerable -- say, a 50 protected waters.
percent chance of nuisance-level shaking at the nearest
household -- and calculate the maximum earthquake In a 6-to-3 ruling, the court rejected what it called the
magnitude that would keep risk at or below that level. extreme positions advanced by the parties and the
"This is about making it clearer what choices are being administration, returning the case to an appeals court for
reconsideration under a new standard. But the decision
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was on balance a victory for environmental groups, as But the opposite extreme, as argued by the county and
it allowed at least some lawsuits over groundwater the administration, would allow polluters to evade the
discharges.
law, Justice Breyer wrote. “Why could not the pipe’s
owner, seeking to avoid the permit requirement, simply
“This decision is a huge victory for clean water,” said
Mr. Henkin, who argued the case on behalf of move the pipe back, perhaps only a few yards, so that
environmental groups. “The Supreme Court has the pollution must travel through at least some
rejected the Trump administration’s effort to blow a big groundwater before reaching the sea?” he asked.
hole in the Clean Water Act’s protections for rivers,
lakes and oceans.” The Clean Water Act requires “point
sources” of pollution to obtain permits for “any addition
of any pollutant to navigable waters.” Failing to have a
permit can subject polluters to daily fines of more than
$50,000.

In requiring “the functional equivalent of a direct
discharge,” Justice Breyer listed several factors for
courts to consider. “Time and distance are obviously
important,” he wrote, but he listed five other
considerations, too, including the material through
which the pollutants travel and whether they are diluted
or chemically altered along the way. If the pipe ends 50
miles from navigable waters and the pipe emits
pollutants that travel with groundwater, mix with much
other material, and end up in navigable waters only
many years later,” he wrote, “the permitting
requirements likely do not apply.”

It was undisputed that the injection wells in Maui were
“point sources.” The case turned largely on whether
indirect discharges were considered “from” the wells.
When the case was argued in November, the lawyers
debated whether, say, whiskey added to punch from a
flask could be said to be “from” the original bottle or,
indeed, from a barrel in Scotland.
Justice Breyer’s opinion, which returned the case to the
Ninth Circuit for application of the new standard, was
In the decision on Thursday, the justices similarly
joined by Chief Justice John G. Roberts Jr. and Justices
debated whether a traveler could be said to have
Ruth Bader Ginsburg, Sonia Sotomayor, Elena Kagan
simultaneously come from the train station, Baltimore
and Brett M. Kavanaugh.
and Europe and whether a recipe calling for adding
drippings from meat to gravy made sense when the In dissent, Justice Clarence Thomas, joined by Justice
Neil M. Gorsuch, said the law applied “only when a
drippings were collected from a pan.
Justice Stephen G. Breyer, writing for the majority, point source discharges pollutants directly into
rejected both sides’ positions in the case as too extreme. navigable waters.
The county and the Trump administration had argued
that discharges into groundwater were never covered,
while environmental groups suing the county said the
law applied to discharges that “actually and foreseeably
reach navigable surface waters.”

In a separate dissent, Justice Samuel A. Alito Jr. wrote
that the majority opinion “makes up a rule that provides
no clear guidance and invites arbitrary and inconsistent
application. The court,” he wrote, “adopts a nebulous
standard, enumerates a non-exhaustive list of
The United States Court of Appeals for the Ninth potentially relevant factors, and washes its hands of the
Circuit, in San Francisco, ruled for the environmental problem.”
groups, saying the law applied because pollution in the
ocean was “fairly traceable” to the wells.
That standard was too broad, Justice Breyer wrote.
“Virtually all water, polluted or not, eventually makes
its way to navigable water,” he wrote. The question
courts should ask, he wrote, was whether “the addition
of the pollutants through groundwater is the functional
equivalent of a direct discharge from the point source
into navigable waters.” The Ninth Circuit’s approach,
he wrote, “would require a permit in surprising, even
bizarre, circumstances, such as for pollutants carried to
navigable waters on a bird’s feathers, or, to mention
more mundane instances, the 100-year migration of
pollutants through 250 miles of groundwater to a river.”
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Fifty years ago, when the first samples were brought back
from the surface of the Moon, lunar scientists raised
questions about how lunar crustal rocks formed. Even
today, a key question remains unanswered: how did the
outer and inner layers of the Moon mix after the Moon
formed? This new research suggests that large impacts
over 4 billion years ago could have driven this mixing,
producing the complex range of rocks seen on the surface
of the Moon today.

Giant meteorite impacts formed parts
of the Moon's crust, new evidence
shows
ScienceDaily, May 11, 2020
Source: Royal Ontario Museum

"Rocks on Earth are constantly being recycled, but the
Moon doesn't exhibit plate tectonics or volcanism,
allowing older rocks to be preserved," explains Dr. Lee
White, Hatch Postdoctoral Fellow at the ROM. "By
studying the Moon, we can better understand the earliest
history of our planet. If large, super-heated impacts were
creating rocks on the Moon, the same process was
probably happening here on Earth."

Moon's south region (stock image).
Credit: © procy_ab / Adobe Stock

"By first looking at this rock, I was amazed by how
differently the minerals look compared to other Apollo 17
samples," says Dr. Ana Cernok, Hatch Postdoctoral
Fellow at the ROM and co-author of the study. "Although
smaller than a millimetre, the baddeleyite grain that caught
our attention was the largest one I have ever seen in Apollo
samples. This small grain is still holding the evidence for
formation of an impact basin that was hundreds of
kilometres in diameter. This is significant, because we do
not see any evidence of these old impacts on Earth."

New research published in the journal Nature Astronomy
reveals a type of destructive event most often associated
with disaster movies and dinosaur extinction may have
also contributed to the formation of the Moon's surface. A
group of international scientists led by the Royal Ontario
Museum has discovered that the formation of ancient
rocks on the Moon may be directly linked to large-scale Dr. James Darling, a reader at the University of
Portsmouth and co-author of the study, says the findings
meteorite impacts.
completely change scientists' understanding of the
The scientists conducted new research of a unique rock samples collected during the Apollo missions, and, in
collected by NASA astronauts during the 1972 Apollo 17 effect, the geology of the Moon. "These unimaginably
mission to the Moon. They found it contains mineralogical violent meteorite impacts helped to build the lunar crust,
evidence that it formed at incredibly high temperatures (in not only destroy it," he says.
excess of 2300 °C/ 4300 °F) that can only be achieved by
the melting of the outer layer of a planet in a large impact Journal Reference: L. F. White, A. Černok, J. R.
Darling, M. J. Whitehouse, K. H. Joy, C. Cayron, J.
event.
Dunlop, K. T. Tait, M. Anand. Evidence of extensive lunar
In the rock, the researchers discovered the former presence crust formation in impact melt sheets 4,330 Myr ago.
of cubic zirconia, a mineral phase often used as a Nature Astronomy, 2020; DOI: 10.1038/s41550-020substitute for diamond in jewellery. The phase would only 1092-5.
form in rocks heated to above 2300 °C, and though it has
since reverted to a more stable phase (the mineral known Forty years of ice-core records of CO2
as baddeleyite), the crystal retains distinctive evidence of
a high-temperature structure. An interactive image of the
In 1980, a method was found to determine the
complex crystal used in the study can be seen here using amount of carbon dioxide in ancient air trapped in
the Virtual Microscope.
polar ice — providing direct evidence that CO2 is
coupled
to climate, and affects global temperatures
While looking at the structure of the crystal, the
in the past, present and future
researchers also measured the age of the grain, which
reveals the baddeleyite formed over 4.3 billion years ago.
Nature NEWS AND VIEWS, 23 MARCH 2020
It was concluded that the high-temperature cubic zirconia
Jean-Robert Petit & Dominique Raynaud
phase must have formed before this time, suggesting that
large impacts were critically important to forming new In the ancient ice sheets near Earth’s poles, tiny bubbles
rocks on the early Moon.
trapped in the compacted layers of snowfall provide a
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natural archive of air from ages past, but one that is not
straightforward to read. Forty years ago, the glaciologist
Robert Delmas and colleagues developed a technique for
reliably measuring the amount of carbon dioxide in the
bubbles. Their work paved the way for modern
measurements showing that atmospheric CO2 levels have
been linked to Earth’s temperature for hundreds of
thousands of years.

plankton. If an ice sample contained carbonaceous dust,
melting the ice would allow the background acid to react
with the carbonate. This, they thought, might be
producing extra CO2 in analyses of ice-core bubbles and
confounding the CO2 measurements.

To test their idea, Delmas and colleagues set up a dryextraction system that avoided melting the ice — instead,
the ice was crushed under vacuum in a vessel at –40 °C.
Towards the end of the nineteenth century, Swedish
They analyze d selected samples from two Antarctic ice
scientist Svante Arrhenius became interested in the
cores (Dome C and D10), which contained very few
causes of Earth’s ice ages. Through calculations, he
carbonates. For ice from the past 10,000 years, they
estimated how changes in CO2 levels might affect the
found CO2 levels comparable to then-current
atmosphere’s ability to absorb heat from the ground,
atmospheric values (around 300 parts per million; ppm),
rather than allowing it to escape into space. He suggested with good reproducibility. For ice deposited during the
that the cooler temperatures during glacial periods
last glacial period, around 20,000 years ago, levels were
resulted from a decrease in this absorption.
much lower, around 190 ppm (Fig. 2a), thus confirming
Arrhenius’s prediction.
This greenhouse theory was an alternative to the theory
backed by James Croll, who proposed that glaciation
cycles arose from changes in Earth’s orbit, amplified by
natural feedbacks such as changes in snow cover.
Another scientist, Milutin Milankovitch, refined this idea
by looking at fine variations in Earth’s movements and
the resulting changes in insolation (incoming sunlight) at
different latitudes. His orbital theory gained support from
marine sediment records, which exhibit periodicities
similar to Earth’s orbital parameters. Thus, the orbital
theory was promoted as a pacemaker of the ice age, with
various feedback loops amplifying tiny changes in
insolation.
In the 1960s, air inclusions in ice cores (Fig. 1) drilled
from the depths of glaciers sparked interest as natural
samples of the ancient atmosphere. To quote researchers
at the time: “if the CO2 concentration were found to vary
in time, one would have the means for testing the wellknown greenhouse theory of climate change.” Attempts
were made during the 1960s and 1970s to obtain a
reliable atmospheric CO2 record from gas extracted by
melting ice samples (‘wet extraction’). But results
showed unexplained high concentrations of CO2,
sometimes ten times that of today’s atmosphere, and
scattered over a bafflingly wide range of values.
The answer to the puzzle came from studies of the
chemistry of polar ice. At Grenoble in France, Delmas
was researching the acid rain that was decimating
northern European forests. Suspecting that the industrial
sulfur emissions thought to be responsible might be
recorded in Greenland ice, he and his students Michel
Legrand and Jean-Marc Ascencio developed a technique
for measuring ice acidity, adapted to be exceptionally
sensitive to impurities and to avoid bias from ambient
atmospheric CO2. They discovered that, even without
volcanic or human activity, the ice was tinged with
sulfuric acid arising from sulfur compounds emitted by

Figure 2 | Ice-core records past and present. a, Forty years
ago, Delmas et al. found a way to measure ancient
atmospheric carbon dioxide levels from bubbles trapped
in ice. Their results show that a dip in CO2 concentrations
coincided with the temperature drop associated with the
glacial period around 20,000 years ago. Top: red dots
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show the authors’ CO2 measurements in parts per million
(ppm) and the corresponding depth of the ice; the dashed
red line represents the CO2 concentration in 1980, the time
of the study. Bottom: blue line indicates oxygen isotope
ratios (a proxy for temperature) expressed as the quantity
δ18O. b, Similar methods have now produced CO2 records
for much longer periods of time from deep ice cores. Here,
CO2 results from Antarctic ice march in step with
temperature cycles (temperature anomaly represents the
difference between the actual temperature and the mean
temperature of the past millennium) over the past 800,000
years, revealing how strongly this greenhouse gas is
coupled to Earth’s temperature.
At around the time that Delmas et al. carried out their
work, a Swiss group, using a refined version of wet
extraction to analyze ice cores, also suggested that CO2
levels were depleted during the last glacial period. But the
dry technique subsequently became widely adopted
because of its greater reliability and accuracy. Delmas and
co-workers’ paper thus paved the way for today’s more
extensive comparisons of climate and CO2 concentrations.
A milestone was reached in 1987 with dry analyses of an
ice core more than 2 kilometers deep from the Vostok site
in Antarctica. This provided a 160,000-year record of
temperature and CO2, depicting a complete climate cycle
in which CO2 levels varied from 290 ppm during the warm
period to 190 ppm in the cold period, and correlated with
temperature. Over the following decades, the climate–
CO2 correlation was demonstrated over a period of
400,000 years from extended Vostok records, and then as
far back as 800,000 years13 (Fig. 2b) from ice drilled at
another Antarctic site, EPICA Dome C.

several hundred thousand years. This close correlation
attests to the tight coupling between climate and carbon
cycles during the past 800,000 years, and has stimulated
climate scientists to consider them to be part of the same
global system.
The reliability of Antarctic ice as a natural sampler of past
air has been confirmed by a reconstruction of atmospheric
CO2 levels over the past millennium, which covers preindustrial CO2 levels (280 ppm) and which partly overlaps
with the period when direct atmospheric measurements
were made. Caution should be taken in analyses of ice
from Greenland, where Delmas noted that windborne
carbonaceous dust could cause in situ CO2 production.
This is not the case for Antarctic ice, especially farther
inland; but because outer parts of ice cores are always
slightly contaminated by dust (from handling, storage or
the atmosphere), dry extraction is needed even when
analyzing Antarctic samples. Last but not least, we know
that current atmospheric CO2 levels (407 ppm in 2018; see
go.nature.com/2j4heej) are probably unprecedented for
the past 800,000 years.
One of the most intriguing puzzles in paleoclimate science
is why the periodicity of the climate cycle has changed:
marine sediment records show that climate followed a
40,000-year cycle before 1.2 million years ago, but
changed to 100,000-year cycles during the MidPleistocene Transition, about 1 million years ago. Delmas
and colleagues’ legacy can be seen in an ongoing
international Antarctic project that might shed light on
this. Known as ‘Beyond EPICA Oldest Ice’, it aims to
extend the ice record to 1.5 million years ago by drilling
down to 3 kilometers, to investigate greenhouse-gas levels
and climate at that time.

So Delmas and colleagues’ pioneering work covering a
few tens of thousands of years sparked research that now Journal Reference: Nature 579, 505-506 (2020).
gives us an accurate record of atmospheric CO2 levels
undulating with glacial–interglacial climate cycles for

12

MEMBERSHIP: ____RENEWAL, ____ NEW MEMBER APPLICATION
Please check one option above, complete this form, and attach your check made out to NCGS.
Mail to: Barbara Matz, NCGS Treasurer, 803 Orion #2, Hercules, CA 94547-1938.
Please Note: Regular members may pay dues for up to three years in advance.
Dues (select one)
Regular $20 / year (email newsletter only)  (circle one) 1 / 2 / 3 years
Regular $30 / year (USPS newsletter only)  (circle one) 1 / 2 / 3 years
Student $ 5 / year (email 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:

e-mail:
Employer:

Job Title:

New Members: How did you hear about NCGS?
I am interested in helping with:
____NCGS Outreach

____Field Trips

____K-12 Programs

____Scholarships

____Newsletter
____Membership

13

____Web Site

____Programs

____AAPG Delegate

N

Map Courtesy of Dan Day

H

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

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.

14

