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INTRODUCTION 
 

 The central California coastal region, surrounding San Francisco Bay, is one of the most 
climatically, geologically, and biologically diverse regions in California--indeed, even the United States.  
This field trip is designed to demonstrate the geological and historical development of central California 
and its biological diversity. The field trip will show the interrelations of some of these factors, as well as 
specific examples of each.  It proceeds from Berkeley across San Francisco Bay and along its north 
shore to the Sonoma Valley. 
  
The Geology of California 
 California’s geology is very complex.  A dozen or so different geologic provinces have been 
described from the Sierra Nevada’s batholith to the Mojave Desert’s Great Basin style.  Each of these 
provinces formed in different ways and have different histories.  The Coast Ranges of Central California 
represent one of the most complex of these provinces.  They are made up of various geologic terranes, 
crustal pieces that have been assembled by lateral or compressive plate tectonic activity into the 
continent.  Some of them formed far from where they are found today, yet may be juxtaposed to others 
that had completely different origins.  Thus, rocks that originally formed near the equator are now next 
to rocks that formed off the coast of California.  They are a complex mix, sometimes compared to a 
pudding with raisins and nuts in it.  The pudding is analogous to the thoroughly mixed rocks of the 
coastal melange.  These formed chiefly as sediments deposited near the continent were scrapped from 
the subducting oceanic plate moving under the North American plate.  As the oceanic plate subducted, it 
also carried other kinds of rocks or terranes formed farther out in the paleo-Pacific Ocean, including 
oceanic plateaus, oceanic islands, ridge or rise crests, and sea floor covered in pelagic sediments, to 
collide with and become incorporated into the continent.  In addition, terranes were translated laterally 
along huge transform faults, like the San Andreas, to become part of the present California.  We will see 
many of these features on this trip.  
 On this field trip, we will begin near the Hayward Fault, which cuts through Berkeley on the 
eastern margin of the UC Berkeley where it displaces Memorial Stadium.  This fault, like the San 
Andreas to the west and the Calavaras to the east, is part of a NW trending system of transform faults 
connecting the crest of the East Pacific Rise in the Gulf of California to the crest of the Juan de Fuca 
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Rise off northern California, Oregon and Washington.  These are all active faults and potentially very 
dangerous.  They separate different rock types which formed previously by processes of subduction and 
lateral accretion (Figure 1). 
 

Fig. 1 Diagram of a subduction zone showing 
the position where the Franciscan Complex 
formed. The San Andreas fault system is a 
relatively new geologic feature in the Bay Area; 
only forming within the last 28 million years. 
Before the Pacific Plate started slipping 
northward past the North American Plate on 
the San Andreas fault system, the Pacific Plate 
plunged under the North American Plate at a 
subduction boundary. The unusual rocks of the 
Franciscan Complex formed at this plate 
boundary; as the Pacific Ocean crust was thrust 
under the North American Plate, the Complex 
formed from oceanic rocks that were scraped 
off of the subducting plate and churned into 
continental sediments. [from the Presidio of San 
Francisco website: 
http://www.nps.gov/prsf/geology/thrusts.htm] 

 
 
The Marine Environment off California 
 The marine environment of California has ameliorated the coastal climate of western North 
America for at least the last 100 million years.  The climate has been generally pleasant without 
extremes because the currents offshore tend to keep them rather similar from season to season.  This 
influence formerly extended far to the east during the Tertiary before the rise of the Coast Ranges and 
Sierra Nevada Mountains blocked the marine influence.  Now this influence is restricted to the coastal 
regions.   
 The marine environment is part of the larger Pacific Ocean oceanographic pattern.  As the North 
Pacific drift moves from Japan and approaches North America from the west, it divides into the Alaska 
Gyre, moving north along the coast of Alaska, and the California Current, moving south along the states 
of Washington, Oregon, California, and Baja California.  The California Current is a cool subarctic 
current, flowing slowly south from Puget Sound to near the equator, warming as it moves.  It maintains 
a similar temperature regime off central California throughout the year, ranging from about 12-16oC.  A 
major factor during the spring and summer is upwelling that bring cool, deeper water to the surface of 
the coastal ocean.  This produces cool, humid air along the coast that interacts with the warmer air of the 
interior, producing the famous fogs.  
 
 

Next page: Fig. 2. Geologic map of the San Francisco Bay Region. You can’t read the fine print here, 
but you can at least get the picture of the complicated geology, with many different terrains mixed together.   
From USGS website; download the detailed version there (http://sfgeo.wr.usgs.gov/geologic/downloads.html). 
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The Terrestrial Environment of California 
 The climate of California is termed "Mediterranean," referring to the pattern of hot, dry summers 
and cool, wet winters.  The biogeography of California is further influenced by its "island" (or better yet 
"peninsular") aspect-- the relatively humid strip west of the Sierran axis is isolated from the Rockies and 
the eastern US by very dry deserts.  This results in a rich and unusual biota for the state, with many 
species that occur only here (endemics).  For example, there are about 3,425 native species of vascular 
plants in the state, fully 24% of which are endemic, meaning there are far more endemic species of 
plants in California than any other state, including Hawaii.  Endemic species can be put in two 
categories.  Paleoendemics are "old" species, whose range was once much wider and is now restricted to 
some particular area.  One such example in California is Giant Sequoia.  Neoendemics on the other hand 
are "new" species that have recently evolved in an area.  There are many neoendemics in places with 
unique soil types such as on Serpentine outcroppings. Both categories are common in California, making 
it a natural laboratory for the study of evolution.   
 Localized moisture, soil, and microclimatic conditions give rise to a diverse number of 
communities, ranging from marshes of various types, to alpine meadows and deserts.  Understanding the 
composition and delimitation of these communities requires both a knowledge of important 
environmental variables and of the evolutionary and biogeographic history of the organisms. The benign 
climate has  also been conducive to the establishment of many species that are not native to the state. 
More than 1,000 introduced vascular plant species have now established populations in the state and 
many habitats such as our grasslands are largely dominated by European species. 
 

FIELD TRIP ROUTE 
 

 This field trip (Figure 3, left, courtesy of Google 
Maps) will explore the geology and major terrestrial and 
aquatic habitats north of San Francisco, California. This 
field trip is designed to give you an introduction to some 
of the environments of this dynamic state, to appreciate 
the major biological and geological processes that are 
responsible for producing its landforms and 
communities.   It is also designed to show some of the 
history of California, and its modern-day promise and 
problems. 
 
 The trip begins in Berkeley, proceeds across the 
northern San Francisco Bay, across the top of the Bay, 
then moves north up the Sonoma Valley.  The trip will 
cross geologic and tectonic features characteristic of 
northern California.  These include the right-lateral, 
transform Hayward and San Andreas Faults, and the 
terranes of the Franciscan melange between the two 
faults.  These faults are two of the three major ones in the 
region; the other is the Calavaras Fault east of the 
Berkeley Hills.  The zone between the Hayward and 
Calavaras Faults contains Mesozoic and Cenozoic 
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marine and nonmarine sediments.  These form most of the Berkeley Hills.  All of these faults have the 
potential for catastrophic seismic activity at any time.   Indeed the Hayward Fault is considered the most 
dangerous because it has not experienced a major earthquake since 21 October 1868 when it slipped 1 
m.  Smaller quakes occur almost continuously. 
 

Berkeley to San Rafael 
 

 The Hayward Fault passes northwest through Berkeley at the base of the Berkeley Hills on the 
east side of the city.  The Clark Kerr Campus is located directly in this fault zone.  The active trace of 
the fault is located along the eastern edge of the Kerr Campus   It parallels Piedmont Avenue to the east, 
splitting the UC Berkeley Memorial Stadium almost exactly in half.  The Stadium is built on a stutter 
ridge of the fault at the mouth of Strawberry Creek, which is offset some 400 m by the lateral slip of the 
fault.  The fault is lost north of the campus under numerous landslides and slips on the highly populated, 
western slope of the Berkeley Hills. 
 The field trip leaves the Campus and heads down University Avenue to Interstate 80 where we 
head north.  On I-80, a good view of the Berkeley Hills is off to the right, showing the densely inhabited 
slopes and numerous landslides.  The Hayward Fault lies along the base of the slope.   
 View 1.  As we pass by Albany Hill (a resistant part of the Franciscan melange) and follow the 
road to Richmond, a view of relatively undisturbed marshland along San Francisco Bay can be seen to 
the left.  
 View 2   The Richmond-San Rafael Bridge.  As we begin to cross the bridge, a fine view (left, 
forward) of the City of San Francisco and the Golden Gate Bridge can be seen.  The bridge crosses the 
northern arm of San Francisco Bay, known as San Pablo Bay.   
 View 3.  At the end of the Richmond-San Rafael Bridge, more marshlands can be seen along the 
shore and San Quentin Prison (State of California) is visible to the left.  

 
North across the top of the Bay 

 
 The trip continues north on US 101 briefly through San Rafael.  As we begin to leave the city, 
you can see the characteristic Californian oak woodland or savanna (or at least the remnants of it) up on 
the hills.  This would have been the original community along the bay at this point.  It is characterized 
by scattered oaks in a grassland matrix.  The oaks are native and include both deciduous species (mainly 
Quercus lobata) and evergreen species (Q. agrifolia).  The grasses under and between the oaks are most 
European annual species which over the last 100 years or more have replaced the native perennial bunch 
grasses (throughout a period of intense livestock grazing).  The chaparral community (dense spiny 
bushes) can be observed up high on the ridges, restricted to the hotter, drier places, often with thin soil.  
There are stands of California Bay (Umbelluaria californica) on the moist north-facing slopes and on 
the deeper moister soil of the valley bottom.  Out in the fields you may see vernal pools, which are 
another distinctive California habitat; full of water in the winter, drying slowly in the spring and bone-
dry by the summer. They form in shallow depressions where drainage is impeded by a hard pan that lies 
close to the soil surface.  In the spring you can spot vernal pools by rings or large patches of white, 
purple or yellow flowers -- there are many annual plants and animals that are restricted to these habitats 
and many species that are endemic to California.  This is one of the communities most heavily impacted 
by urban and agricultural development. 
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In the deep valleys close to the coast, there are fragments of the once common coastal redwood 
forests.  This area was once almost completely logged over, these trees are secondary growth of only 
about 100 years old. You can only imagine what this community would have looked like in its intact 
state.  The trees there include Coastal Redwood (Sequoia sempervirens), California Bay, Douglas Fir 
(Pseudotsuga menziesii),  and California Buckeye (Aesculus californica; with long, white flowering 
spikes), and Tan Oak (Lithocarpus densiflora), an interesting biogeographic disjunct now unfortunately 
under severe threat from Sudden Oak Death caused by a Phytopthera).  The tall redwoods actually 
modify the microclimate, precipitating fog on the branches.  The water droplets falling from the trees 
add several inches of extra "rainfall" each year, that are used in part by the other organisms in the forest.   
 The rocks exposed in outcrops and roadcuts are mostly part of the central terrane.  Greenish 
serpentinite rock and serpentine soil are exposed here and there (serpentine is the California state rock!).  
The unusual chemistry of soils derived from this rock (poor in some major plant nutrients, high in 
metals), coupled with the "island" nature of the outcrops, has lead to the evolution of many neoendemic 
plant species.  Serpentine grasslands tend to have excellent wildflower displays because introduced 
grasses, which otherwise dominate California grasslands, do poorly on the infertile soils in these sites 
while native wildflowers can still grow and reproduce.  
 We leave 101 at Novato, and head east along the very top of the Bay along Hwy 37; along here 
you can see extensive marshlands, saltwater grading into freshwater as is typical in an estuary (and SF 
Bay is indeed an estuary, the largest along the west coast).  The emergent vegetation includes Tules and 
Bulrushes (Scirpus),  Cattails (Typha), and Rushes (Juncus).  A great diversity of birds can be seen, and 
we will identify them out on the fly as best we can. 
 

The Sonoma Valley 
 

We will now turn north on Hwy. 12 and begin to drive up the world-famous Sonoma Valley; 
some of the finest wines in the world are produced here and in neighboring Napa Valley.  The 
orientation of these valleys in a north-south direction, opening to the bay allows for an incredible variety 
of microclimates.  Grape varieties that range in their habitat preference from the far north to the far 
south of France can be grown close together in these single valleys.  

 Our first stop will be for a look 
at California history.  We will explore 
the central plaza of the town of Sonoma, 
where four national flags have flown 
(Spain, Mexico, the California Republic, 
and the United States).  We will visit 
one of the California missions, the last 
one built (1823), and see the location of 
the Bear Flag revolt which resulted in 
California’s brief existence as an 
independent republic before the take-
over by the United States.  Many other 
interesting sights, shops, and restaurants 
surround the Plaza. There is a fine, 
concise history of the Mission San 
Francisco Solano de Sonoma at 
http://missions.bgmm.com/sanfran.htm 

Fig. 4.  Map and photo from the California State Parks 
brochure on the Sonoma State Historic Park 
(http://www.parks.ca.gov/pages/479/files/Sonoma.pdf) 
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Our second stop will be at Jack London State Historical Park  

(http://www.parks.ca.gov/pages/478/files/JL.pdf).  We will see a little more 
history, and especially have a chance to see natural vegetation of the region 
including many mosses!  The historical aspect involves Jack London, a true 
character and prolific author (the first author to make a million dollars 
writing).  He learned to read and write in a bar, was an oyster pirate and 
adventurer, attended UC Berkeley (but dropped out!), then became a 
famous writer and socialist politician.  We'll walk around some of the 
historical buildings at the site, and then take a walk in the woods, down the 
Lake Trail in the map below (from the park brochure). 

 

 
 

The final stop will be Imagery Estate Winery & Art Gallery (14335 Hwy. 
12 in Glen Ellen; http://www.imagerywinery.com/frameset_wine.html).  This is a 
fine winery that is associated with the ecologically advanced Benziger Family 
Winery (http://www.benziger.com/) with its "biodynamic" approach to 
winemaking (http://www.benziger.com/vineyards/biodynamics.php).  We will 
take a tour through the Imagery Art Gallery, that houses the largest private 
contemporary commissioned art collection in the world, listen to an introduction 
to wine making, and taste limited production wines.   You will also have a chance 

to purchase bottles of wine to take home, if you wish. 
 

___________________________________ 
 
 

Enjoy the day, and appreciate the wonderful diversity that is California! 
 

___________________________________ 
 

* Much of this text is taken from: 
J.H. Lipps, C. D'Antonio, K. Grove, C. Hickman, B.D. Mishler, and Z. Wang.  1999.  Geology and natural 

history of the Central Coast Ranges: Berkeley to Bodega Head, California.  California Division of Mines 
and Geology Special Publication 119: 188-201. 


