GeoSyntec GWAG Conference
Oakland, California
Golden Gate Bridge Field Trip
Sunday Sept 18 2005

Medley said I
could can see
BIM-WHATS??
from up here??
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TRIP LEADER
Your trip leader is Ed Medley, a Senior Consultant in the Oakland office.
Before joining GeoSyntec in June 2005, I earned approximately 30 years
years of unusually varied international experience in geotechnical and
geological engineering consulting, mineral exploration prospecting, failure
investigation, project management, litigation testifying, academic research,
teaching, and lecturing. I specialize in the engineering and geological
characterization of bimrocks (block-in-matrix rocks), complex geological
mixtures of rock such as melanges, fault rocks, weathered rocks, tills, and
colluvium. You shall see some bimrocks today. Do not hesitate to ask
me questions: I am both an engineering geologist and a civil engineer and thus can say “I Don’t
Know” with more embarrassment than many! Please ask your questions loudly since I am HARD
OF HEARING and other folk may want to hear your questions as well.
A NOTE ABOUT THESE NOTES
These notes are just that. They are not a dissertation: been there once and don’t want to go there
again. But I have tried to make them informative. References appear as footnotes. I took nearly all
the photographs except for the one above which was taken by Julie Grau, my wife, who for once
declined to be “scale”. Yes, the photos in these Notes are small but you shall be taking your own
lovely pictures! If you want copies of the photographs just ask me. In some cases I photographed
information displays that you shall read for yourself.
TRIP OVERVIEW AND SMATTERING OF GEOLOGY
You shall enjoy today’s field trip to the Presidio and Golden Gate Bridge because you are going to
see the Golden Gate Bridge. The stuff you may learn about geology, groundwater, environmental
restoration and the like will be added benefits. Mostly though, you will enjoy what we who live
here really get off on: walking the Bridge, seeing the sights, ogling other tourists and taking the
great pictures. We are heading for the Presidio (“garrison”) which was once the home of the US 6th
Army. We shall make three stops: Crissy Field Overlook, Fort Point and the Golden Gate
Bridge Visitor area at the south end of the Golden Gate Bridge.
You will enjoy yourself more IF you brought along clothes to withstand the
possible windy fog. You did bring something warm, did you not?? By the
way, Mark Twain never said “The worst winter I ever spent was summer in
San Francisco”, although the quote is pithy enough to have come from him.
No, that complaint was probably from someone visiting from Boca Raton.
The fog is a result of cool ocean air condensing as it blows towards warmer
climes inland.
The trip starts in Oakland. I have no idea why the city was named Oakland, but expect it is for
obvious reasons: there are many oak trees hereabouts. Our route takes us over the San FranciscoOakland Bay Bridge, collectively a causeway, a truss bridge, a tunnel and a suspension bridge.
The bridges are double-deckers – the lower deck is Oakland-bound and the upper is for San
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Francisco traffic. So: you get the lovely views on the way over to San Francisco. There is a
serious proposal to name the Bridge after Norton I, Emperor of the United States. Norton was an
early 1800’s resident who declared himself emperor and for the next 20 years wandered the city
wearing a military uniform with sword. He may well have been an early pioneer of the Homeless
Caste, that is now the shame of the city. Beside the Bay Bridge, you will see a new bridge abuilding, to replace part of the truss portion of the Bay Bridge which revealed seismic weaknesses
during the 1989 Loma Prieta earthquake, when part collapsed.
The Bay Bridge tunnel passes through Yerba Buena Island (“good herb”) originally named for
the wild mint that the Spanish pioneers flavored their tea with. The island is a craggy block of the
Franciscan Complex, which we shall learn more of below. To the right of the island is an extensive
flat area called Treasure Island that is geologically Very Recent. It is composed of hydraulic fill
sluiced behind embankments to form a flat platform for the 1939 Golden Gate International
Exposition. It was a military installation between 1941 and 1998.
Also to the right in the Bay, you will see
other islands. Alcatraz (“pelican” or
Alcatraz Island.
“strange bird”), is famous as a former
maximum security prison and home of
the “Birdman of Alcatraz”, Robert
Stroud. Stroud was actually the
“Birdman of Leavenworth”: he never raised birds at Alcatraz, neither was he allowed to see the
Oscar-winning movie featuring Burt Lancaster. The large island is Angel Island, once a Nike
missile base, and best known as "The Ellis Island of the West", since it served as an Immigration
Station from 1910 to 1940. It is a marvelous place to spend a day walking and cycling.
Angel Island.

Ahead is San Francisco, which is as lovely a city as it
looks! I first came to San Francisco in 1976 as a tourist
from Vancouver, British Columbia. Vancouver is lovely
too. But, San Francisco reminded me then of a full scale
Disneyland. I still have wonder and delight in the city
despite many years of traveling and living in lovely places,
including Maui and Oahu. The city, named after St. Francis
of Assisi, has some 800,000 people living in about 47
square miles, many in heavy debt: the median home price is
about $650,000 with an average value of about $850,000.
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The city is hilly due to the resistant blocks of rock in the
Franciscan Complex, at various times called the Franciscan
Formation and Franciscan Assemblage. The latter two names
give no sense for the geological chaos of “the Franciscan”
(which is how most folk get around the problem of not
knowing what the second noun should be). San Francisco is
the type locality for the Franciscan. The Franciscan is worldfamous because it is a showcase for subduction processes and
complex tectonic shredding1. Simply, the Franciscan is a
regional jumble of chunks of tectonic plates from various
places, stirred together and separated by faults and shears zones. In places the shredding and shears
are so pervasive that bands of melange form. Melanges (from the French, mélange, for “mixture”)
are rock masses formed of mixtures of hard blocks of rock surrounded by weaker matrix. Block
sizes range between mountains and gravel. I could fill pages here on the Franciscan and melanges
(and have elsewhere in my PhD dissertation and papers) since it is my research and professional
passion - but we don’t have all day! I have made some copies of useful References2 for today’s trip
that are available as PDFs. Just email me (emedley@geosyntec.com) and ask for them, or for
some of my bimrock papers, if you want.
In San Francisco, there are several sub-parallel block-rich, hilly, bands (or “terranes”) separated by
block-poor, shear zones melanges which trend across the city in more or less NW-SE directions
(Figure 3, Steinpress, 1998)3 as suggested by the tonal fabric in the Landsat air photo on the next
page. The Presidio is within the “Marin Headlands” terrane and the Hunters Point Melange and
exhibits a mosaic of sandstone blocks, blocks of interbedded sandstone and shales, sheared shales,
chert/greenstone blocks and serpentinite melange. Our field trip stops are in the Hunters Point
Melange, shown roughly as the yellow alignment on the Landsat photo and in more detail on the
Figure 3 of Steinpress, 1998 . If we had time we would cross over the Golden Gate Bridge and
look at the splendid exposures of the Marin Headlands terrane which includes chunks of chert and
greenstones (slightly metamorphosed basalt) from subducted oceanic plate.
During the late Pleistocene, sea level was up to 400 feet lower than currently. The Golden Gate
was a valley through which the Sacramento River flowed toward an earlier shoreline some 25 to
30 miles to the west (Steinpress, 1998). Sea level changes resulted in Quaternary estuarine,
alluvial, near –shore and aeolian deposits. Several deep paleo-valleys in the Franciscan bedrock
were filled with soil deposits.

1

Wakabayashi, 1999; “Franciscan Complex, San Francisco Bay Area: A Record of Subduction Complex Processes:,
in Wagner, 1999, “Geologic Field Trips in Northern California” for Centennial Meeting of GSA; publ. California
Division Mines and Geology, Special Publication 119.
2
See Konigsmark, 1998: “Geologic Trips - San Francisco and the Bay Area”, Published by Geo Press, Gualala, CA .
I also recommend the 1979 classic by the late Clyde Wahrhaftig, “A Streetcar to Subduction and Other Plate Tectonic
Trips by Public Transport in San Francisco”, published in periodically Revised Editions by the American Geophysical
Union. For a real fun read try “Assembling California” by John McPhee.
3
Figure reproduced on next page and also at larger scale in References.
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General geology of northern San Francisco Peninsula on Figure 3 from Steinpress (1998) showing
general location of Hunter’s Point Melange belt (between yellow arrows) and on Landsat image (yellow
dashed line). Location of field trip shown at red oval.

THE PRESIDIO OF SAN FRANCISCO
Founded in 1776, the 1400 acre Presidio4 was the longest-occupied military installation in the
nation, with soldiers serving for Spain, Mexico and the US to defend the Golden Gate. The
discovery of gold in 1849 resulted in the rapid growth of San Francisco and the strategic need to
protect commercial interests. The City grew around what eventually became an operational
military base, a neighborly relationship that proved very valuable when the base provided care for
4

Steinpress, 1998 (“Transformation of the Presidio of San Francisco, Hydrology and Environmental Restoration: Field
Trip Guidebook Chapter 4, California Groundwater Resources Association, San Francisco Branch.)
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refugees from the 1906 Earthquake and Fire. The Presidio lands were transferred to the National
Park Service in 1994. Except for the coastal lands (now Golden Gate National Recreation Area),
the Presidio is now administered by a Trust charged with making the Presidio self-sufficient by
2013. A considerable environmental restoration effort is underway at the Presidio, aspects of
which the Oakland office of
GeoSyntec
is
currently
engaged.
3

2
1

The locations of our three
Field Trip Stops are shown
on the map to the left.

Geology of the Presidio (Steinpress, 1998). In the area of the field trip stops, bedrock is
sheared serpentinite with occasional blocks of sandstone (serpentinite melange).
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Groundwater Basins in the Presidio (Steinpress, 1998)
The Franciscan bedrock underlying the Presidio has (as shown above), northwesterly oriented
structural fabric. The bedrock surface is irregular and considered relatively impermeable.
Sedimentary cover ranges between slope debris and alluvium; dune sand, beach deposits, estuarine
sediments (sands and bay muds) and artificial fill. Groundwater basins have been defined
(Steinpress, 1998 Figure 6- above). Sea water intrudes as a wedge below Crissy Field.
Serpentinite is the principal rock type in the Field Trip area, and is well exposed at Stop 2 (Fort
Point). Although pretty, serpentinite is a troublesome material (even though it is the State Rock),
prone to landsliding when sheared, hosting Naturally Occurring Asbestos, and being a source of
chromium, cobalt and other metals. Serpentinite flora is distinctively subdued and serpentinite
terrains are often termed “barrens”.

STOP 1: CRISSY FIELD OVERLOOK
In 1915 the marshlands (See Steinpress, 1998, Figure 12- next
page) on the northern margin of the Presidio were filled to
provide room for the Panama Pacific International Exposition
highlighting the resurrection of the city after the Earthquake. The
level land was later used as an airfield and military warehouse
complex. The airfield was abandoned when the Golden Gate
Bridge was built in 1933, and over the next few decades
buildings, gas stations, roads and utilities were constructed.
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ABOVE: Distribution of original marshlands at Crissy Field (Steinpress, 1998)
BELOW: Planned use of restored Crissy Field (Steinpress, 1998)
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Restoration and rehabilitation of Crissy Field has been an extensive and long-term project. But
even incomplete, the facilities are much enjoyed by San Francisco residents. New habitats include
dunes, marshlands and meadows.
Characterization of the environmental degradation required extensive explorations as described by
Steinpress (1998). Investigations determined that aquifers below Crissy Field were not suitable for
potable water supply. Hexavalent chromium identified in some borings was determined to
originate in upslope serpentinite bedrock (Steinpress, 1998). Chromium has apparently stabilized
in the estuarine deposits due to the fine-grained, anaerobic and reducing conditions (Steinpress,
1998). The figure below shows a sketch of groundwater conditions in the Crissy Field area.

Presidio Hydrogeology in the area of Crissy Field (Steinpress, 1998)
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STOP 2: FORT POINT
The Military bastion at Fort Point is one of several
installations that were actively occupied and used for coastal
defense between the 1840’s and the 1940’s. The Fort is open
and you should have a reconnaissance to appreciate this
windy promontory, which was probably quiet before the
1933 construction of the Golden Gate Bridge brought the
incessant rumble of traffic.
Access is limited around the Fort, and has been since the
9/11 terrorist attack. There is also ongoing construction at
the bridge that has closed a once-convenient footpath
between then Fort and the Visitor Area for the Bridge. The
access road to the Fort is now open to traffic (which is why
we can park here). You will have to give way to runners, who you may see pat a metal plate on the
chain link fence at the far end of the road way against the fort wall.
The plate is “Hoppers’ Hands” (and one for dog paws below it),
which recognizes the lives lost every
year by suicides jumping from the
Bridge. Ken Hopper is a Bridge
Ironworker who counsels people
intending to jump. He and his
volunteer colleagues have saved
many lives. Nevertheless, since the Bridge opened in 1937, more than 1300 have died by jumping.
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Along the access road are exposures of sheared serpentinite,
several landslides, and abundant seeps. You may be able to see
why the rock is named after the smooth, scaly skin of snakes.
The serpentinite has a block-in-matrix (bimrock) fabric evident
here and there by blocks of intact serpentinite surrounded by
sheared matrix. The bimrock fabric is also present in the steep
cliff of serpentinite that ends close to the south wall of the Fort.
Note the curved boundaries of blocks.

This is a good place to look at the Bridge, which is suspension structure.
Serpentinite supports the foundations of the bridge. The road deck hangs
from vertical cables attached to the curved (“catenary”) cables supported by
the two towers. The cables are in tension (pulling away from the towers) so
the towers are in compression, bearing down on the foundations. It is
because of the large bearing forces that a controversy broke out between in
1934 between two eminent geologists5: Professor Andrew Lawson of
University of California at Berkeley and Professor Bailey Willis of Stanford
University (a rival school, south of San Francisco). Based on geological
mapping, Professor Willis interpreted a vulnerable adverse-dipping fault
contact between the serpentinite and a graywacke sequence. A single
exploration boring proved serpentinite was continuous. However, serious
deficiencies were recently identified in the seismic capacity of the Bridge,
and it is the remediation of those which are the current focus of the
construction, which temporarily spoils the views.
From the time it was erected in the 1930’s, the Bridge has been continually
painted in a hue known as Universal Orange. One cannot think of the Bridge
being any other color! But generations of lead-based paint have had to be
removed and this work is also ongoing. You shall have a chance to see a
number of informative signs detailing the vital statistics of the Bridge Visitor
Area.

5

Vantine, 2000 (Field Trip : “Northern San Andreas Fault System and Sonoma County Slope Instability”, in Alvarez,
2000, AEG/GRA 2000 Field Trip Guidebook “From the Pacific Ocean to the Sierra Nevada: Taming Shaky Ground”)
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STOP 3: GOLDEN GATE BRIDGE VISITOR AREA AND THEREABOUTS
Our final stop is at the south end of the Bridge. We may
be able to park the buses at the Visitor Area. Otherwise,
we shall probably park on Merchant Road, on the west
side of the Bridge Toll Plaza close to Battery Boutelle,
an abandoned concrete gun emplacement that was
active in the early 1900’s. A tunnel below the Toll
Plaza provides a somewhat boring pedestrian access to
the main Visitor Area but there is a more interesting
route via a footpath along the cliff side. For the
purposes of these Notes, I assume that we shall park
near the Battery and walk to the Visitor Center. (If we
do park at the Visitor Center then just read these notes in reverse order.)
“Landfills” are to be removed from around the battery
areas but as of yet there is little to see of that work.
However, the footpath along the cliff edge seaward of
the Battery Boutelle is a good place to see the
landslides in serpentinite. The community in the
distance, perched above the cliffs, is Sea Cliff, an
affluent and architecturally distinctive area, famous for
being Where the Movie Stars Live (such as Robin
Williams and Sharon Stone).
Exponent, Inc.

Sea Cliff is also
the home of the
Sea Cliff Incident, a 1995 urban catastrophe resulted when
a 100-year storm sewer failed and created a pit 240 feet
wide and 40 feet deep, that swallowed tens of millions of
dollars of expensive real estate6.
The footpath to the Visitor Area is narrow, and likely
to be busy with bikers. Take care.
From the footpath, you can clearly see the additional
structural steelwork being installed as a part of the
seismic retrofit fro the bridge.

6

If you are interested in learning more, let me know, and I will send you an illustrated paper. I led the Failure
Analysis Associates (Exponent) team that solved the mystery.
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On the east side of the Bridge is a plaza, which contains a number of sights, a
snack bar, toilets and a good gift shop. The premier attraction is the Bridge itself,
as well as a statue of Joseph Strauss, the designer. Much of the design was
actually performed by two unheralded and visionary engineers, Charles Ellis and
Leon Moissieff, who performed calculations for the bridge using slide rules,
pencil and paper. There is display with a section of cable used in the construction
of the Bridge, but your patience will be challenged while you wait to take a
picture of the cable section in which no other tourist appears.
I suggest that you walk on the Bridge by accessing the sidewalk north
of the Gift Shop. You should walk to the first tower, which will take
about 15 minutes. It is only when you get near the tower that you have
unobstructed views of San Francisco and the Bay since there is a high
chain link fence attached to the handrails up to that point. The fence is
not to deter jumpers but to protect workers and visitors to Fort Point
below. There are suggestions for a jumper-proof fence but there is
debate surrounding the proposals.

We do not have time to visit the Vista Point area at north end of the Bridge, nor to view the Bridge
and San Francisco from the vantage points of the Marin Headlands. There are also some splendid
geological outcrops of contorted chert, and great examples of melange. But, for a starting point on
your next visit to San Francisco here are some photos….

Give yourself 20 minutes to walk back along the Bridge and to the bus.
And for those going on to SFO: BE SURE YOUR BAGS ARE ON THE BUS!!!
We shall be traveling via the Presidio, Geary Blvd, the coastal Great Highway besides the Pacific
Ocean, past San Francisco Zoo, Lake Merced, Skyline Boulevard through Daly City, I-280, I-380,
and then via Hwy 101 to SFO.
For those of you going back to Oakland: thanks for coming along and have a safe trip home!

