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Throughout late Mesozoic and early Tertiary times an active
subduction zone existed along the western margin of the North
American plate. A shelved forearc basin was situated between the
subduction zone and the Sierra Nevada volcanic arc at the site of the
present day Sacramento Valley. The lower Tertiary succession in
the subsurface of the Sacramento basin is composed of cyclic
succession of bathyal shales and sandstones and shallow marine
sandstones. The succession attains a maximum thickness of about
2440 meeters (8,000 feet) in the depocentral graben in the
southwestern part of the basin. The present study subdivides the
Eocene succession into at least five unconformably bounded
depositional sequences. These include the Meganos and Markley
submarine canyons filled with bathyal shales; the thick succession of
submarine fan deposits that make up the Markley Sandstone; and
fluvial/estuarine sandstones and neritic shales that comprise the
Hamilton/Capay and Domengine/ Nortonville sequences. These
sequences can be correlated with equivalent units that outcrop along
the flanks of the Mount Diablo uplift. The presentation will study
the depositional setting of these sequences and discuss the role of
tectonism and eustasy in determining their timing and location.

Don Lewis, Consultant
donlewis@comcast.net
Ray Sullivan, Emeritus,
Francisco State University
sullivan@lucasvalley.net
Mark Sorensen, Innovative
Technical Solutions, Inc.
msorensen@itsi.com
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NCGS 2010 – 2011 Calendar
April 25, 2012
Dr. Ray Sullivan, Emeritus, San Francisco State
University, Ocean Floor to Shelf; The Lower Tertiary
Sequences in the Sacramento Basin
7:00 pm at Orinda Masonic Lodge

Upcoming Events
Meeting locations rotate between San Francisco, the East
Bay, and the South Bay. Please check the website for
current details. To download meeting details and
registration form go to: http://www.aegsf.org/.

May 30, 2012
(Dinner Meeting!)
Dr. Goeff Marcy, UC Berkeley; (Early Time!)
The Hunt for Another Earth
(See April Newsletter for Form!)
6:00 pm at Orinda Masonic Lodge

USGS Evening Public Lecture Series
The USGS Evening Public Lecture Series events are free
and are intended for a general public audience that may
not be familiar with the science being discussed.
Monthly lectures are usually scheduled for the last
Thursday evening of each month during most of the year
but are occasionally presented on the preceding
Thursday evening to accommodate the speakers. For
more information on the lectures, including a map of the
lecture location (Building 3, 2nd floor; Conference
Room A) go to: http://online.wr.usgs.gov/calendar/

June 27, 2012
Dr. Donald L Gautier, US Geological Survey
Volumes, Uncertainty and Costs of Undiscovered
Arctic Petroleum
7:00 pm at Orinda Masonic Lodge

Upcoming NCGS Events
April 2012
(Date Remains
Tentative)

Caldecott Fourth Bore Project
CalTrans and Dr. Gerhard
Neuhuber

June 2, 2012

Ocean Floor to the Shelf; The
Lower Tertiary Sequences on
the Flanks of the Mt. Diablo
Dr. Ray Sullivan

AhakeAlert!—Building an Earthquake Early Warning
System for California, Doug Given, USGS Earthquake
Early Warning Coordinator

U.S. Geological Survey Open House
Menlo Park, May 19 & 20, 2012

Do you have a place you’ve wanted to visit for the
geology? Let us know. We’re definitely interested in
ideas. For those suggestions, or for questions regarding,
field trips, please contact Tridib Guha at:
TridibGuha@yahoo.com.

Peninsula Geologic Society
Upcoming meetings
For an updated list of meetings, abstracts, and field trips
go to http://www.diggles.com/pgs/. The PGS has also
posted guidebooks for downloading, as well as
photographs from recent field trips at this web address.
Please check the website for current details.

Bay Area Science
(http://www.bayareascience.org/)
This website provides a free weekly emailed newsletter
consisting of an extensive listing of local science based
activities (evening lectures, classes, field trips, hikes,
and etc).
Former NCGS President Barbara Matz reminds us
that the 10th USGS Triennial Open House is coming up
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in May! World leaders in research on earthquakes,
water quality, volcanoes, coastal and marine geology,
mineral and energy resources, geography, and the San
Francisco Bay ecosystem will be present.

•
•
•
•
•
•
•
•
•
•

Exhibits and presentations will illustrate the diversity of
projects in which USGS employees are engaged. Bring
your family and take advantage of this unique
opportunity to interact with USGS scientists, enjoy
hands-on exhibits, and gain a greater appreciation of our
connection to the natural systems of our dynamic planet.

Enhancing Recovery
Tectonics and Neotectonics
Basin Maturation and Petroleum Systems
New Technology and the Energy Challenge
Energy Alternatives
Education, Outreach, and our Future
Sedimentology and Stratigraphy
Paleontology
Oceanography
Pacific Coast Geology and Geologic History

Field Trips & Short Courses

There is no admission charge. Although nearby
parking lots are expected to be adequate, local residents
are encouraged to walk or bicycle to the event.

•



Pets will not be allowed, other than Service
Animals.

•



All exhibits will be wheelchair accessible.



Handicapped parking will be available .



Limited food service will be available each day.
Alternatively, many restaurants are nearby in
downtown Menlo Park and Palo Alto, both of which
are less than a mile away.

For a full size flyer and more details
http://openhouse.wr.usgs.gov/2012/index.html.

•
•
•
•
•
•

Geologic History of Point Lobos State
Reserve
Retracing the Events of 1906 San Francisco
Earthquake and Fire
San Joaquin Valley
Sacramento Valley
Monterey Formation
San Andreas Fault
The Pinnacles
Oceanography

It’s coming!! Does any of this sound interesting? If so
let us know. The Northern California Geological
Society is co-hosting the convention, so it will be a great
opportunity to help out, make contacts, and get to know
people. So even if you’d like to assist in putting a sliver
of this convention together, let us know. It is starting to
take shape and should be interesting and a great
experience.
Contact Dr. Paul Henshaw at
Drphenshaw@comcast.net or (925) 673-8745 or (925)
212-9492 (cell).

visit:

Tuesday, March 20, 2012
Governor Brown Announces Appointments
SACRAMENTO – Governor Edmund G. Brown Jr.
today announced the following appointments.
Thomas Barry, 47, of San Francisco, has been
appointed to the State Mining and Geology Board.
Barry has been a senior geologist at Shaw
Environmental and Infrastructure Group since 1997.
He was a geophysicist at JR Associates from 1996 to
1997, a project manager and geologist for Ogden
Environmental and Energy Services Inc. from 1995 to
1996, an environmental planner and geologist for
Pacific Basin Environmental Consultants Inc. from
1994 to 1995 and a geophysicist and utility surveyor
for JR Associates from 1990 to 1994. Barry is a
member of the Association of Environmental and
Engineering Geologists and the Northern California
Geological Society. This position requires Senate
confirmation and the compensation is $100 per diem.
Barry is registered decline-to-state.

April 19-25, 2013
Pacific Section AAPG Convention
Energy & the Environment
Working Together for the Future
Monterey, CA
Technical Program
•
•
•
•

Remediation and the Environment
Energy Opportunities and Potential of the
Pacific Rim
Depositional Systems and Reservoir Quality
Reservoir Characterization and Modeling
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Jelisaveta Gavric, 39, of Sacramento, has been
appointed to the State Mining and Geology Board.
Gavric has been a legislative advocate at the California
Association of Realtors since 2005. She was a senior
geologist at Schlumberger Water Services from 2004
to 2005 and an engineering geologist for the California
Department of Water Resources 2000 to 2004. Gavric
was a hazardous substance engineering geologist for
the California Department of Toxic Substances Control
from 1997 to 1999. This position requires Senate
confirmation and the compensation is $100 per diem.
Gavric is registered decline-to-state.

Sourcing the Stonehenge Bluestones
Geologist Richard Bevins on the unravelling of a
prehistoric poser
Stonehenge, on Salisbury Plain, is one of the world's
iconic ancient monuments and is designated as a
UNESCO World Heritage Site. It is recognized instantly
by many people worldwide, alongside sites such as
Machu Piechu in Peru and the Xian Terracotta Warriors
in China. The opportunity to study samples from such an
important site is one that comes along only very rarely in
the working life of a researcher! I will try to explain how
this opportunity, and challenge, came my way.
Stonehenge is a complex site. It is best known, of
course, for its standing stones, which comprise the Outer
Circle, the Inner Circle, and the Inner Horseshoe, in
addition to the Heel Stone. Surrounding these are further
structures, identified by mounds and ditches, and a series
of holes' thought to have hosted standing stones of
further henges. The 'holes', known as the Aubrey Holes,
are important because they contain debris whose
lithology (rock type) is not represented amongst the
current standing stones. The larger stones forming the
Outer Circle are the 'Sarsens', and are hard, resistant
sandstones thought to have been collected from the local
Salisbury Plain environment. The source of the other
smaller stones used at Stonehenge, in the monument's
Inner Circle and Inner Horseshoe and the Altar Stone,
are foreign to the Salisbury Plain area, and for many
years their source baffled eminent investigators such as
Maskelyne, Cunnington, Teal and Judd. This is the socalled 'Bluestone' lithology. In 1923, however, H. H.
Thomas from the Geological Survey published a paper
in The Antiquaries Journal in which he claimed to have
sourced the rock type known as spotted dolerite, found
in the Bluestone assemblage, to tors exposed in the high
Preseli, to the west of Crymych in west Wales. In
particular he thought that the tors on Carn Meini and
Carn Marchogion were the likely source outcrops. In his
paper he went on to speculate how humans might have
transported the stones to Salisbury Plain, favouring a
route across land rather than a combined land and sea
journey. Not all the Bluestones however are spotted
dolerites. Four of the standing stones are of volcanic
origin, whilst debris recovered from the Aubrey Holes,
as well as various archaeological excavations at
Stonehenge and in the surrounding area (known as the
'Stonehenge Landscape'), comprise spotted dolerite and
more Bluestone material. My involvement started in
2009 when I was invited by Dr Rob Ixer, formerly of the
Department of Earth Sciences, University of
Birmingham, to join with him in the investigation of the
non-spotted dolerite lithologies from the Stonehenge
Landscape, firstly reexamining a collection of
Bluestones from an area to the north of Stonehenge
known as the Cursus Field. My research studies have

Ron Hughes, 55, of Gold River, has been appointed
director of the Office of Technology Services at the
California Technology Agency. Hughes has been
president of the California Data Center Design Group
since 2002. He was the director of data center design
at Telegis Networks from 2000 to 2002. Hughes served
in multiple positions at the Stephen P. Teale Data
Center from 1990 to 1999. He worked at the California
State Controller’s Office from 1980 to 1990 in multiple
positions, including staff services manager. This
position requires Senate confirmation and the
compensation is $129,000. Hughes is registered
decline-to-state.
Dan Reding, 51, of Vacaville, has been appointed to
the State Mining and Geology Board. Reding has been
financial secretary for operating engineers for the
Local Union 3 since 2009. He has served in various
roles with the Operating Engineers Local Union 3,
including treasurer from 2006 to 2009, district
representative from 2005 to 2006 and business
representative from 2003 to 2005. Reding was a
member of the Local 3 working underground for Cal
Smith & Sons from 1984 to 1985. Reding is a member
of the Operation Engineers Local Union 3 Trust Funds,
Crane Owners Trust Fund and International
Foundation of Employee Benefit Plans. This position
requires Senate confirmation and the compensation is
$100 per diem. Reding is a Democrat.
Michele Steeb, 43, of Gold River, has been
appointed to the Prison Industry Board of Directors.
Steeb has been chief executive officer for the St.
John’s Shelter for Women and Children since 2007.
Steeb served as vice president of public affairs at the
California Chamber of Commerce from 2003 to 2007.
She was chief executive officer at IBT Financial from
1997 to 2001 and political affairs manager for
Congressman Tom Campbell from 1993 to 1996. This
position does not require Senate confirmation and there
is no compensation. Steeb is a Republican
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we discussed was the Stonehenge work, and the apparent
sourcing of the samples to Pont Saeson. Very
enthusiastically, Nick suggested that we could test the
match by comparing the chemistry of the zircon minerals
in the two sample sets using the LA ICP-MS (laser
ablation inductively coupled plasma mass spectrometer),
an analytical instrument in the Institute of Geography
and Earth Sciences at Aber. Polished thin sections were
prepared and the locations of zircon crystals marked
upon the rock slices - not an easy task given that the
zircon crystals are usually no more than 50-100 microns
in size (a micron is one thousandth of a millimetre).
This was the first time that zircon chemistry had ever
been used in an attempt to provenance archaeological
material.

included the Lower Paleozoic igneous rocks of Wales in particular those of north Pembrokeshire. My interest
in these fields dates back to my undergraduate days in
Aberystwyth in the early 1970s when I was introduced
to the rocks of north Pembrokeshire on geology
fieldtrips. This led to my undertaking a PhD on the
Fishguard Volcanic Group sequences, under the
guidance of Dr Bob Roach at Keele University, and
provided me with the sufficient and appropriate
experience to be invited to contribute to the Bluestone
provenance investigations.
At first I thought that the lithology could not be matched
to outcrops in the north Pembrokeshire area, but then I
couldn't relate it to any lithology I'd seen from other
parts of Wales, or indeed elsewhere in the UK. I then
recalled that I had some samples collected many years
ago, from the Brynberian area of north Pembrokeshire,
that I'd never examined in detail and so I put them
through the laboratory for thin sectioning. To my great
surprise, the lithology of samples from the Pont Saeson
area matched with the debris material from the Cursus
Field. In fact, this lithology has now been identified
from a number of sites in the Stonehenge landscape,
including the Aubrey Holes, from material excavated in
1979 and 1980 from beside the A344, and from the 2008
excavations at Stonehenge. Sourcing the Stonehenge
Bluestones The identification of this lithology at Pont
Saeson was very much 'late in the day' in our study of
the Cursus Field material and the published paper by
Rob Ixer and myself, in the Wiltshire Archaeological
and Natural History Magazine, has a postscript (added at
proof stage!) reporting on the apparent lithological
match with the Pont Saeson area. We submitted the
final text in the summer of 2009, with the paper
appearing in print in January 2010. But, so far, the
match between the Stonehenge material and the Pont
Saeson lithology was based purely on observation al
evidence. To test this match further would require
quantitative evidence. Whole rock geochemistry is a
technique
commonly
used
in
archaeological
provenancing investigations, and there was an important
study published in the early 1990s on the geochemistry
of the Stonehenge Bluestones by the late Richard Thorpe
and his team from the Open University. What happened
next, however, was pure chance. By a stroke of amazing
coincidence, Dr Nick Pearce, from the Institute of
Geography and Earth Sciences in Aberystwyth, whom I
had had the pleasure of knowing for many years but
never collaborated with, happened one December day in
2009 to be in Cardiff. With some time to spare, he
dropped in to the National Museum to see if I was in and
available to share a coffee and to catch up on our various
activities of the last number of years. I was indeed in,
not long back in the Department following an eight year
secondment as Project Leader for the new National
Waterfront Museum in Swansea. Amongst t he matters

The technique focuses a very high power laser beam
(with a diameter of only 10 microns) on to the zircon
crystals to ablate them - essentially vapourizing them so
that after analysis the zircon crystals are peppered with
10 micron diameter craters - quite remarkable given that
zircon is a very hard mineral. The vapour generated by
the ablation process is then analyzed in the mass
spectrometer l~ which reveals the detailed chemistry of
the zircon crystals. This was the first time that zircon
chemistry had ever been used in an attempt to
provenance archaeological material, and analyses from
the two sample sets proved to be near identical, with
overlap of concentrations within the analytical error of
the technique. This was a tremendous result, of
considerable significance, and a jointly authored paper
(myself, Nick Pearce and Rob Ixer) appeared in early
2011 in the internationally· recognized journal of
Archaeological Science. The results caught the attention
of various archaeologists actively involved in
Stonehenge studies and, in September 2011, Professor
Mike Parker Pearson (University of Sheffield) and his
team commenced excavations at Pont Saeson in an
attempt to identify evidence of Neolithic quarrying
activities. Whilst the identification of the Pont Saeson
area as a source of the Stonehenge lithology does not
prove the theory of human transport for the Blues tones,
as opposed to the counter argument that they were
transported from north Pembrokeshire to SalisbUly Plain
by ice sheets during an earlier glacial period, it has
certainly identified a new area for detailed
archaeological investigations.
Should evidence be
identified suggestive of human transport, then the
position of the Pont Saeson outcrop becomes especially
important because these outcrops are situated on low
ground to the north of Mynydd Preseli, rather than on
the high Preseli, as in the case of the 'spotted dolerite'
tors. Without doubt this would lead to speculation about
the route used to transport the stones and, of course, how
this was achieved. But those debates are for the
archaeologists; in the meantime, we are continuing our
geological research, in particular trying to identify the
5

these ophiolitic terranes in the north and the Kings River
ophiolite to the south. U/Pb (uranium-lead) zircon
analyses were used to date the formation of the
individual terranes. Other radiogenic isotope systems
were used to define the mantle/crust sources of the
igneous ophiolite constituents. In general, these isotopic,
petrologic, and structural studies indicate the three
northern ophiolite terranes were accreted to the
continental margin by convergent plate tectonic
processes followed by the Sierran igneous plutonic
activity that anchored the terranes to the North American
continental margin. Prior to their final tectonic accretion
to the North American continent, these terranes grew by
basaltic igneous processes in island arc, marginal basin,
or volcanically-active transform fault systems along the
continental margin. The ages of these terranes decrease
from east to west, the Upper Jurassic Smartville
Complex being the youngest.

precise source of the four volcanic rock standing stones
at Stonehenge. This discovery has received considerable
media attention, Nick and I even sharing three minutes
air time on China's National Television news! But for
me, what has been particularly satisfying is the fact that
a crucial piece of evidence in this study was determined
in the very laboratories where I studied as an
undergraduate student in the early 1970s.
Dr. Richard Bevins is a geologist specializing in lowgrade metamorphic petrology. He gained his BSc in
Geology at Aber in 1974, followed by a PhD at Keele
University. After eight years spent establishing the
National Waterfront Museum in Swansea, Richard is
back in post as Keeper of Geology at the National
Museum of Wales in Cardiff.

Smartville Field Trip Explores a Jurassic
Ophiolite Complex in the Northern Sierra
Nevada Foothills

The Smartville Complex has been described as a rifted
island arc volcanic-plutonic sequence exhibiting major
late-stage extension and intrusion by a sheeted dike
swarm. A volcanic dacite tuff high in the stratigraphic
column gives a zircon U/Pb age of 164±2 m.y.
Plagiogranite screens and dikes from the sheeted dike
complex give 162±1 m.y. ages and post-date the island
arc andesitic-basaltic volcanism. The Smartville block
was accreted as a nappe structure and was subsequently
intruded, along with portions of the Central Belt, by the
159±2 m.y. old Yuba Rivers tonalite pluton. Contact
relationships indicate the latter was intruded during the
thrust emplacement of the Smartville Complex. More
recent work by Dr. Howard Day at U.C. Davis and his
colleagues imply that the Central Belt and the Smartville
Complex are part of the same original ophiolitic terrane,
and that the intervening fault has facilitated only minor
displacement since the 160 m.y. accretionary event.

Contributed by Dan Day
(A new contribution in a long popular series of
contributions!)
Over 80 geoscientists attended the September 18, 2010
Geology and Tectonics of the Smartville Complex,
Northwest Sierra Nevada, California Field Trip led by
University of California, Davis, Distinguished Professor
Emeritus Dr. Eldridge M. Moores. Dr. Moores has led
other field trips for the NCGS, and all been very wellattended. This trip was blessed with superb weather
conditions.
The Smartville Complex was one of the first ophiolite
sequences in the Northern Sierra Nevada to be studied in
detail. The initial field work that characterized the
lithology and structure of the terrane was conducted in
the mid to late 1970’s. More detailed field and
petrologic studies were pursued in the 1980’s. Most
originated from U.C. Davis research activities. In the
1980’s, a joint venture was conducted by Dr. Jason
Saleeby of the California Institute of Technology and
Dr. Eldridge Moores to establish geochronological and
isotopic constraints on the origins of three ophiolitic
terranes in the northwestern Sierra Nevada. These
terranes, from west to east, include the Smartville
Complex, the Central Belt, and the Feather River Belt.
A fourth and the oldest accretionary terrane, the Eastern
Belt, is a thick stratified sequence of Paleozoic rocks to
the east of the other terranes. Dr. Saleeby and his
graduate students have characterized the Kings River
Ophiolite Belt in the southwestern Sierra Nevada near
Kings Canyon and Sequoia National Parks. His work
with U.C. Davis colleagues in the northern Sierra
Nevada was an effort to unravel its complex accretionary
history and seek broader scale relationships between

From top to bottom, the Smartville Complex consists of
minor epiclastic sediments, a thick volcaniclastic
sequence, pillow lavas, massive diabase, and mafic and
silicic plutonic rocks. All these units have been intruded
by a sheeted dike complex. Small isolated outcrops of
serpentinized peridotite and layered gabbro occur near
the base of the complex. As mentioned above, the
northwestern Sierra Nevada foothills contain four
tectonic belts, decreasing in age from east to west. All
contain ophiolitic rocks and have been juxtaposed
against one another along the steeply dipping subparallel faults of the Foothills fault system. The adjacent
Central Belt is a complex lithologic assemblage
dominated by a chert-argillite sequence containing rare
Triassic and Permian fossils. Limestone blocks in the
assemblage contain Permian and Carboniferous coal
seams and fusilinids.
The three prominent ophiolites in the Central Belt are
the Slate Creek, Lake Combie, and Lost Creek
6

approximately the same slope as the flank of a midocean ridge. As the bus approached Marysville, the
Sutter Buttes were visible to the northwest. The Buttes
are 1 to 3 m.y. old volcanics though by Dr. Brian
Hausback of Cal State Sacramento to be the last Cascade
subduction-related volcanism at this latitude.
In
Marysville the bus took State Route 20 east into the
Sierra Foothills to the first field stop. Along the way the
remnants of hydraulic mining were obvious in the Yuba
River bed.

sequences. They typically display a top to bottom
stratigraphy of volcaniclastic sediments, pillow lavas
and massive flows, massive diabase, mafic to silicic
plutonic rock, and serpentinized peridotite. In the
northern extremity of this tectonic terrane, the Jarbo Gap
ophiolitic sequence contains metavolcanics, metagabbro,
and peridotite that suggest formation in a fracture zone.
Radiometric ages indicate these ophiolitic sequences are
somewhat older than the Smartville Complex.
The Feather River Belt is a 150 km-long terrane of
partially serpentinized peridotite and associated mafic
igneous rocks.
Radiometric dates on the belt
components are as old as 380 m.y. The terrane has an
early mantle fabric overprinted by a crustal fabric. In
places it exhibits a talc-tremolite-anthophyllite
metamorphic assemblage. In the Devil’s Gate region,
metagabbro and metavolcanics may be part of an
ophiolite sequence. These are some of the most highly
metamorphosed rocks in the northern Sierra Nevada.

The first stop (Stop 2 in the Guidebook) was at the
Highway 20 bridge across the Yuba River near the old
mining town of Timbuctoo. Just north of the bridge in
the river bed is an outstanding exposure of pillow lavas
(see the Smartville Field Trip Guidebook cover).
Unfortunately the slope down to the river is treacherous
and the group was not able to access this location.
However, other pillow lavas were exposed along the
river road and on the north side of Highway 20 at a road
cut immediately east of the Yuba River Bridge.
Excellent examples of pillow lavas are shown in Photos
1 and 2.

The Eastern Belt is a deformed sequence of rocks
beginning with basal lower Paleozoic quartz-rich
sandstone and phyllite, the Shoo Fly complex, and
assorted serpentine and accompanying albitite. The
source and history of this sequence is unknown. This
sequence is overlain by a Devonian-Lower
Carboniferous oceanic island arc assemblage of quartz
keratophyre, basaltic andesite, and minor latite capped
by a thin tuffaceous, manganiferous chert unit that spans
an 80 m.y. interval between the Lower Carboniferous
and Lower Permian. The next three lithologic packages
going upward in the stratigraphic column are a PermianTriassic island arc-sediment sequence apparently oceanic
in composition, a younger Triassic sedimentary-volcanic
sequence, and an Early to Mid Jurassic volcanic
andesite-dacite sequence with abundant shallow water
fossils. Structurally these four tectonic belts are
separated by a series of steeply dipping faults and are,
with the exception of the Smartville block, isoclinally
folded.

Photo 1 Pillows exposed in road cut east of the Yuba River
bridge on Highway 20. Red arrows mark the darker (finer
crystalline) chilled margins of a pillow.

Pillow lava morphology is shown in Photo 2, taken at an
outcrop immediately east of the road cut exposure
illustrated in Photo 1. These units dip steeply west and
are exposed in a quarry wall visible across the Yuba
River north of Highway 20.

The field trip had eight stops scattered across the central
Smartville Complex, and a ninth stop further south in
Auburn. The Bay Area attendees met at Sunrise Mall in
Pleasant Hill and proceeded to Davis, where Dr. Moores
and a second contingent of enthusiastic geoscientists
boarded the bus. The bus drove north on Highway 113
toward Woodland and eventually worked its way to
State Route 99, then north to Marysville-Yuba City.
Eldridge pointed out the Coast Ranges to the west and
the Rumsey Hills visible in the foreground as the bus left
Davis and headed to Woodland. The Rumsey Hills are
Cretaceous sediments thrust westward over PlioPleistocene fluvial gravels and interbedded sands and
tuffs washed out of the Coast Ranges. Looking
northward up the Great Valley, Eldridge noted that the
valley floor from Sacramento to Redding has

The bus returned to Highway 20 and traveled westward
to Maryville Road, then headed northward on Marysville
Road toward LaPorte and the second stop. Road cuts
along the way expose pillow lavas, and a quartz-rich
intrusive plug lingers on the skyline at about 11 o’clock.
The second stop (Stop 3 in the Guidebook) was at
Stanfield Hill immediately before the turnoff to Merle
Collins Reservoir. Exposed here is a cross-section of
sheeted dikes intruded into the overlying volcanic
pyroclastics and flows (not shown at the outcrop). They
indicate a later stage of tensional rifting in the pre7

mobilization of CaO, TiO2, and other chemical species.
Epidote and calcite veins frequently follow chilled dike
contacts and fill cross-cutting brittle fractures. Dikes
such as these were used to date the sheeted dike complex
and establish age relationships in the Smartville
Complex.

existing island arc volcanic pile. This is a complex
sequence of intrusive events beginning with half-dikes
(partial dikes or dike fragments missing one chilled
margin) of quartz albitite, diabase, and plagioclasephyric basalt. A second intrusive phase consists of
diabase, basaltic andesite, andesite, and dacite. This
dike series is cross-cut by complete diabase dikes (both
chilled margins preserved). A later event intruded
thinner, fine-grained, dark non-porphyritic dikes into the
existing dike sequence. A large dacite dike cuts all other
dikes in this outcrop. A portion of a dike containing a
darker, finer crystalline inclusion is shown in Photo 3.

The group traveled a short distance from Stanfield Hill
to road cuts along Marysville Road where it abruptly
turns east toward Oregon House and Dobbins. At
Guidebook Stop 4 the field trip members examined
diabase, andesite, and dacite dikes cutting plagiogranite
screens (lens-shaped fragments of plutonic rock) and
multi-textured gabbro. The screens are relics of gabbro,
tonalite, and trondhjemite plutonic rocks or segregates
thereof. The plagiogranite is a potassium-poor, sodiumrich siliceous plutonic rock type found in other ophiolite
complexes. Its microstructure reveals Rapakivi-style
quartz and plagioclase “wormy” intergrowths that are
also called myrmekite. Screens surrounded by dikes are
depicted in Photos 4 and 5.

Photo 2 Lobe-shaped pillow lavas exposed in an outcrop
east of the road cut shown in Photo 1. North side of

Highway 20. Hammer (in circle) for scale.

Photo 4
Whitish plagiogranite screen (red arrows)
surrounded by darker intruded basaltic to andesitic dikes.
Marysville Road to Oregon House at the north end of
Merle Collins Reservoir.

Photo 3 Inclusion in dike at Stanfield Hill near Collins
Lake. Note the alteration border on the inclusion, the
chilled dike margin (red arrows), and late stage
hydrothermal vein alteration (blue arrow).

The dike chilled margin shows late stage hydrothermal
alteration that deposited epidote and chlorite along the
dike contact chilled margin and along brittle fracture
veins. The entire suite of dikes has been metamorphosed
to greenschist facies, and although most of the original
igneous textures have been preserved, the chemistry of
individual phases has been strongly altered by

Photo 5 Detail of lighter-colored plagiogranite screen and
adjacent darker dike rocks. Marysville Road to Oregon
House.
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Driving eastward on Marysville road, the bus passed
over massive diabase, tonalite, and gabbro.
At
Guidebook Stop 5 the group examined rhythmic layering
in a two pyroxene gabbro containing calcic plagioclase
(see Photo 6). This outcrop is located about one mile
east of Dobbins, CA.
Guidebook Stop 6, a quarry in epidotized massive
diabase, was excluded from this trip. Instead, the group
chose to spend more time at Guidebook Stop 7 at
Bullards Bar Reservoir Dam. Here steeply dipping
volcaniclastic sediments cross-cut by diabase dikes are
exposed in vertical outcrops. A large outcrop showing
these relationships is exposed on the north side of the
dam parking lot.

Photo 8 Outcrop at Bullards Bar Dam. Steeply dipping
volcaniclastic sediments cut by dikes. This is part of the
Smartville Upper Volcanic Unit.

Photo 6 Layered gabbro exposed east of Dobbins. Pocket
knife for scale.
Photo 9. En echelon mineralized gash fractures in the
Bullards Bar Dam outcrop. These features indicate shear
deformation. Knife (blue arrow) for scale.

At Bullards Bar Dam the field trip stopped for lunch.
The dam is an impressive structure located on the north
fork of the Yuba River (Photo 10). The Wolfe Creek
fault zone has been mapped just east of the dam between
the Smartville Complex and the 159±2 m.y. Yuba Rivers
pluton.
After lunch, the trip resumed its itinerary, and traveled
eastward on Marysville Road to Highway 49. The bus
turned south on Highway 49 toward Guidebook Stop 8
.Highway 49 travels through biotite-hornblende tonalite
and granodiorite. Stop 8 is in North San Juan, a popular
town during the gold rush hydraulic mining period of the
late 19th Century. Trip members explored isoclinally
folded metasediments exposed along Highway 49 just
north of North San Juan (Photo 11).

Photo 7
Dr. Moores discusses regional geological
relationships and local lithologies exposed at the Bullards
Bar Reservoir Dam site.

Dr. Moores discussed regional and local lithological
relationships at this stop (Photo 7). Photos 8 and 9 show
the rock outcrop at this site and deformation features
such as mineralized en-echelon gash fractures.

At North San Juan, ultramafic olivine cumulates are
exposed as low outcrops hugging the ground surface.
These rocks are interpreted to be the lower part of the
Smartville Complex.
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Photo 13 Geologists examine surface exposures of olivine
cumulates thought to be the lower part of the Smartville
Complex.

Photo 10 Bullards Bar Dam, a popular recreational site.
Marysville Road traverses the dam crest.

The field trip bus traveled south on Highway 49 to I-80,
and then turned south towards Auburn. Auburn was the
site for the Army Corps of Engineers Auburn Dam. The
project was abandoned when it was learned that a
potentially active fault zone passed through the proposed
dam site. The outcrops here expose foliated sheeted
dikes of the Smartville Complex. The group peered over
the canyon rim into the river valley. The overlook name
was changed from the “Auburn Dam Overlook” to the
more appropriate “American River Overlook.” Any dam
failure by seismic activity at this site would have posed a
serious flooding threat to communities downstream,
particularly in Sacramento.
Photo 11 Isoclinally folded metasediments along Highway
49

Guidebook Stop 9 is farther down Highway 49 east of
Nevada City. Outcrops consist of highly altered and
sheared serpentinized peridotite. The textures are highly
altered, but appear to be mantle tectonites. Stop 10 is in
Auburn at the American River Overlook.

Photo 14 The former Auburn Dam Overlook, now
renamed the American River Overlook. Interrupted
excavation here has exposed foliated sheeted diabase dikes
affiliated with the Smartville Complex.

The field trip group assembled at Overlook Park in
Auburn and celebrated the end of an outstanding field
trip. Afterwards, the attendees boarded the bus and
returned to Davis and the Bay Area. A group photo was
taken by Ray Sullivan at Bullards Bar Dam (Photo 15).

Photo 12 Highly altered and sheared serpentinized
peridotite interpreted to be highly altered mantle tectonite.
This is the basement of the Smartville Complex.
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(1,000 cubic miles), contributing about 0.5 inches (12
millimeters) to global sea levels. The loss amount is
roughly eight times the water volume of Lake Erie, or
enough to cover the United States in 1.5 feet (.5 meter)
of water, the authors note.

Photo 15 The Smartville Field Trip's motley crew, taken
by Dr. Ray Sullivan at Bullards Bar Dam.

The NCGS expresses its sincere thanks to Dr. Eldridge
Moores of the University of California, Davis, for
leading another exceptional field trip. Dr. Moores’ trips
have always been very well attended, and this was no
exception. The NCGS appreciates the time and effort
that Dr. Moores spent preparing for this trip. The
attendance speaks for his popularity as a field trip guide
and as an expert on the geological evolution of Northern
California.

Alaska's Ruth Glacier in Denali National Park.
(©UCAR.)
Historically, estimates of glaciers and ice caps have been
made using ground-based measurements from Earth’s
small number of monitored glaciers and extrapolating
those measurements to other glaciers. The research team,
which was led by the University of Colorado Boulder
and includes NCAR scientist Sean Swenson, used
satellite measurements from GRACE (Gravity Recovery
and Climate Experiment) for the new study. These twin
satellites circle Earth 16 times per day, quantifying
changes in Earth’s gravity field caused by regional
changes in the planet’s mass, including ice sheets and
glaciers.

The NCGS recognizes the efforts of Field Trip
Coordinator Tridib Guha and Assistant Coordinator
Dan Day. Tridib and Dan were involved with the
Guidebook preparation, editing, and printing. The Davis
meeting site was adeptly coordinated by NCGS member
Chris Higgins. Many thanks to past Field Trip
Coordinator and current Membership Chair Rob Nelson,
and to past Field Trip Coordinator John Christian for
their assistance with the lunch and other logistical duties.
Mark and Karel Detterman also assisted with
important tasks throughout the day. We thank NCGS
member Don Downey for video taping portions of the
trip and posting them on U-Tube. Don also offered his
assistance as needed.

The study focused especially on glaciers and ice caps
outside of Greenland and Antarctica. About a quarter of
the average annual ice loss during 2003-2010 came from
these sources (roughly 148 billion tons, or 39 cubic
miles), according to the results. Greenland and
Antarctica, along with their peripheral glaciers and ice
caps, shed about 385 billion tons (100 cubic miles) a
year.
The research is especially important for its potential to
help scientists better understand the processes behind sea
level rise and how the planet’s cold regions are
responding to climate change.

Melting glaciers
Satellite measurements show billions of tons of
ice melting annually

Thomas Jacob, John Wahr, W. Tad Pfeffer, Sean
Swenson, “Recent contributions of glaciers and ice
caps to sea level rise,” Nature, 2012

A study published in Nature that provides the first
comprehensive satellite analysis of Earth’s melting
glaciers and ice caps has grave implications for sea level
rise.
The total global ice mass lost from Greenland,
Antarctica, and the rest of Earth's glaciers and ice caps
during the period 2003-2010 was about 4.3 trillion tons
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Orinda Masonic Center
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Biography: Dr. Ray Sullivan is Professor Emeritus in Geology at San Francisco State University. He
earned his BSc (hons) at Sheffield University in 1957, and PhD in 1960 at the University of Glasgow.
His first position was with Shell Oil of Canada. He joined the faculty of SFSU in 1962 and taught for 40
years in the department until his retirement in 2002. During his time at the University, he played a major
role in formation of the department, and the development of the undergraduate and graduate Geology
degree programs. He served as department chair and Associate Dean of Science and is a Fellow of the
California Academy of Sciences. His publications include his research on the Lower Carboniferous of
South Wales (his doctorate thesis), Green River Shales of the Green River Basin, the Eocene rocks of the
Sacramento Basin and the Mt Diablo area. He has also published several papers on environment geology
and earthquake awareness. He has led numerous field trips in the Bay area including Black Diamond,
Concord Weapon Station and Keller Canyon landfill, and downtown San Francisco walks focusing on the
events of the 1906 earthquake. He has also coauthored 16 science school text books.

Northern California Geological Society
c/o Mark Detterman
3197 Cromwell Place
Hayward, CA 94542-1209

Would you like to receive the NCGS newsletter by e-mail? If you are not already doing so, and would
like to, please contact Rob Nelson at rlngeology@sbcglobal.net to sign up for this free service.
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