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A Geologic Excursion to the East San Francisco Bay Area
Russell.W. Graymer
U.S. Geological Survey, Menlo Park, Calif.

Fieldtrip Overview

This fieldtrip serves two purposes. First, we will take a look at some of the interesting geology that characterizes the
San Francisco Bay region. This will be a “hands-on” look that I think offers a better feel for the role of geology in the
shaping of the landscape, and the impact of geology on society, than can be obtained in a purely classroom environment.
Second, and probably more important, we will have a chance to practice the technique of observational science, follow-
ing the fundamental principles of the scientific method (observe, hypothesize, test). Geology, perhaps more than any
other science, is based on deductive reasoning, because many of the geologic features we work with probably formed
over thousands or millions of years. We see only the end product, and we have to deduce how it got that way. Under-
standing how those features developed and evolved requires looking at the normally very slow (though occasionally
catastrophic) processes that are going on today, and extending those processes by thousands or millions of times.
However, just a few basics will allow the careful observer to start to understand how the world around us took on the
shape it now has and how ongoing geologic forces can impact our lives.

Each of our three stops has three sections in this fieldtrip guide—a short introductory section, an exercise for you to
do in the field, and a longer section of material related to the geology seen at that stop. We will be discussing most of
what is covered while we are in the field, so the longer section will be mostly useful for you after the trip is over. There is
also a road log that lists mileage between the stops and indicates various geologic features along the way.

The point of each exercise is to put you into the field boots of a geologist. Remember that all science starts with an
observation, and this is never more true than in geology. Be prepared to take a look at the world in a new way. Any
observation may hold the key to understanding the geology at each stop.

If you think that geology is just about looking at rocks and minerals, this fieldtrip may be a bit of a shock. We will not
talk much about different kinds of rocks until the third stop, and will hardly mention minerals at all. Geology is about
understanding the Earth and how it works. Rocks and minerals can provide a lot of information about the geology (as we
will see at the third stop), but they are only a part of the story.

I hope that the information and figures contained in this guide will also be useful to you in your classroom. If you
want to know more, the U.S. Geological Survey and the National Park Service maintain web-pages where additional
information is available. An excellent introductory page is available at: http://www.nature.nps.gov/grd/usgsnps/project/
interp.html. Information about the San Francisco Bay region is available from http://sfbay.wr.usgs.gov, with field
geology being emphasized at http://sfgeo.wr.usgs.gov.

I hope you enjoy the trip, and that you come away with an expanded idea of what geology is all about.

Road Log

Mileage/Notes

0.0 Trip start—U.S. Geological Survey, Menlo Park.

South on Middlefield Rd., LEFT onto Willow, RIGHT onto Bayfront Expressway (Highway 84), cross Dumbarton
Bridge.

7.5 The freeway cuts through the south end of Coyote Hills. This ridge of Franciscan mélange was probably lifted up
by a fault thought to be long inactive that runs under the flat area on the west edge of the hills. The hills are now in
the process of being buried by young sediments as the Bay Block sinks down. (A block is a large crustal rock mass
bounded by faults that moves or behaves as a single unit within a greater tectonically active region.)

EXIT onto I-880 South, EXIT at Mission Blvd., proceed northeast on Mission Blvd.

20.2 You just crossed the most active strand of the Hayward Fault. Did you notice it? Much more about the Hayward
Fault and how to recognize faults as we go along.

Field Trip 2



34

Geology and Natural History of the San Francisco Bay Area: A 2001 NAGT Field-Trip Guidebook

Right on Stanford Ave., drive to the end of the street and park.

21.3 STOP 1—Mission Peak Landslide, Fremont

Return on Stanford Ave., LEFT on Mission Blvd., RIGHT onto I-680 North.

24.5 Notice the ridge on the right. The highland is underlain by early Pleistocene (about 0.5 to 1.5 million years old)
Irvington Gravel (this is where the mammal fossils indicative of early Pleistocene age were first described in North
America). The ridge has a very straight west side (see fig. 2.1) cut by the Hayward Fault. Just judging by this ridge,
which way would you say the fault was moving?

EXIT at Mission Blvd., LEFT onto Mission Blvd.

27.5 The ridge to the right was formed by motion on the Mission Fault similar to that on the Hayward Fault, but the
Mission Fault is thought to be inactive. Why do you think the ridge is still there?

30.1 To your right is Niles Canyon (see fig. 2.2). On the map you can see that Niles Canyon meanders back and forth in
large curves. Normally a deep canyon like this is pretty straight, but this one has retained curves from a time before
the hills were here. The hills have lifted up over the past million years or so, and Alameda Creek, curves and all,
has just eroded its channel through the rocks to form the canyon as the hills were going up.

33.4 To your right the Hayward Fault has formed benches in the sides of the hills. Did you notice there is more than
one level of benches? Faults like the Hayward Fault often form zones of deformation with multiple breaks at the
surface.

Stay on Mission Blvd. to downtown Hayward, park at B Street.

39.3 STOP 2—Hayward Fault Zone, Hayward

RIGHT onto A Street, LEFT onto Foothill Blvd., merge onto I-580 West.

43.2 Notice the dropoff to the left. This scarp is formed by a strand of the Hayward Fault Zone that was until recently
thought to be inactive. Recent studies have documented that it is active, though. The Hayward Fault Zone through
here is made up of at least three active strands in a zone almost a kilometer (0.6 miles) wide!

48.8 Notice the white rock in the quarry to the right of the freeway. The rock exposed is a Jurassic (about 160 million
years old) volcanic rock called the Leona Rhyolite. Today it is used for construction, but earlier in the 20th century
it was mined for pyrite (iron sulphide, also called fool’s gold). The sulphur was used to make chemicals. This area
was listed as a potential copper mining area because of the high percentage of copper in the pyrite (many minerals
are impure, with one element replacing a percentage of another element, like copper for iron in pyrite. Sometimes
the impurity is what you’re really after!). However, the copper potential never worked out. Imagine a big
open-pit copper mine in the Oakland hills!

EXIT onto Highway 13.

52.7 This long, narrow valley was formed when rocks ground up by the motion of the Hayward Fault were more easily
eroded than the surrounding rocks. Linear valleys like this can be a good indicator of a fault.

54.3 On the left is Lake Temescal (now a regional park). This long, narrow reservoir takes advantage of the long,
narrow valley carved along the Hayward Fault Zone. Unfortunately, the Hayward Fault is still here, and still very
active. This reservoir probably would never be built today.

EXIT onto Highway 24 East, go through the tunnel, just past the tunnel exit at Fish Ranch Road, turn RIGHT
back over the freeway, turn RIGHT again onto the frontage road, and park in the large open area just before
the freeway entrance

56.7 STOP 3—Caldecott Tunnel between Oakland and Orinda
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Information on Stops

Stop 1—Mission Peak Landslide, Fremont

Introduction

In March 1998, after two consecutive years of heavy rainfall, a large portion of the northwest flank of Mission Peak
detached from the mountain and began to slide down towards the newly constructed neighborhoods of luxury homes
below (fig. 2.3). The huge body of displaced material moved slowly, only a few centimeters each day, but when motion
finally ceased months later, a mass more than one mile long and a quarter mile wide had moved several hundred feet
down the mountainside. Fortunately, only one home was affected by the slide, because its path took it along the side of
one neighborhood and stopped just short of another.

Exercise

Geology is an observational science; our conclusions are based on features we see in the landscape, the soil, and the
underlying rocks. Look at the 1998 slide (fig. 2.4A). How would you describe the shape of the land inside the slide? How
would that show on a topographic map? Look at the map (fig. 2.4B) to see if there are other areas nearby with similar
topography. What does that suggest?

More About It

Normally, the gravitational force that is continually trying to pull material downhill is countered by cohesion and
friction in and among the rocks that make up the hillside. However, when conditions are created where the cohesion
and friction are reduced enough, material will move downhill. The constant breaking down of rock to form soil by
weather, plants, and animals is one way cohesion and friction are reduced, and some material is constantly moving
downslope at a very slow rate, much less than a millimeter per day. This slow process is called hillside creep. At
times, however, conditions exist when masses of rock can move relatively quickly (for rocks), a process called
landsliding.

Several things can lead to landsliding—earthquake shaking, poorly engineered construction, natural erosion, and
rainfall. Although landsliding is caused by any of these, and by combinations of them as well, rainfall is by far the most
important factor. Heavy rainfall can increase the tendency for landsliding in several ways: by increasing the weight of a
body of rock, by providing lubrication between and within the rocks of a hillside, and by raising water pressure suffi-
ciently to lift bodies of rock away from the hillside (this is discussed below).

The Mission Peak Landslide is a very large example of a bedrock, or deep-seated, slide (the technical term is slump
earthflow), one of several different kinds of landslides. Bedrock landslides happen where a weak zone below the surface
of a hillside allows a large mass of rock to slide downslope all at once. After one or more years of heavy rain, the
groundwater in the rock under the hillside is fully charged (all the space within the rocks that can contain water is filled
up), and additional incoming water from rainfall creates increased water pressure. The water pressure can begin to lift the
rocks near the surface up and away from the hillside, reducing the friction. If water pressure reduces the friction enough,
and a weak zone exists in the rocks, a mass of rock will become detached and slide downward. Usually the pace of the
slide, while fast for rocks, is slow in human terms, centimeters per day, so bedrock landslides seldom pose a threat to
human life. The size and mass of these landslides, however, make them a substantial threat to buildings, roads, and other
construction. In 1998, more than $140 million of landslide damage occurred in the San Francisco Bay region, most of it
caused by bedrock slides.

Bedrock slides create a collection of unique landscape features (shown and described in fig. 2.5). The place the
material is moved from (the zone of depletion) is characterized by features related to extension, whereas the place the
material is moved to (the zone of accumulation) is characterized by features related to compression. The main scarp of
the Mission Peak landslide is very prominent because of the light-colored rocks exposed there (fig. 2.6).

Over geologic time, the landscape features formed during a landslide are worn down by the effects of weather and
hillside creep, leaving progressively more subtle, but still visible signs of older landslides (see fig. 2.7). The 1998
Mission Peak landslide was a reactivation of part of a much larger, older landslide (see fig. 2.8) that was still visible in
the landscape prior to 1998.

Almost all hillsides in the San Francisco Bay region show some trace of old landslides (some 90,000 landslides have
been mapped in the Bay area!), but some areas are more prone to new landsliding than others (geologists call the greater
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or lesser tendency to slide “landslide susceptibility”). Three main factors contribute to a hillside’s susceptibility to
bedrock landslides—the kind of rock that underlies the hillslope, the steepness of the hillside, and the presence or
absence of previous landslides. Weak rock, steep slopes, and the presence of previous landslides all make the area of the
Mission Peak landslide very susceptible to bedrock landslides. Research is being conducted right now to quantify the
susceptibility to bedrock landslides in the San Francisco Bay region. We are working to provide a tool that can be used
for informed land-use planning, so that regions of very high susceptibility can be identified and rejected for develop-
ment. The community on the flank of Mission Peak was lucky in 1998, the area affected by the slide was for the most
part undeveloped. Informed planning can, hopefully, insure that new developments are kept out of harm’s way.

In addition to bedrock landslides, another common type of landslide deserves mention, the debris flow (more com-
monly called a mudslide, but this name is misleading because the mass is made of rocks, trees, and other debris, as well
as mud, and because the mass does not move by sliding!). Debris flows occur during very intense rain storms, when the
layer of soil that covers the hillslope is saturated. A small slump occurs in the soil, causing the saturated material to
liquefy, and flow quickly down slope, carrying rocks, trees, and other debris with it (see fig. 2.9). This type of landslide
is small, but very fast-moving, up to 50 km/hour. The speed of these “slides” makes them very dangerous to human life.
In 1998, three people were killed by a comparatively few debris flows in the San Francisco Bay region, but in 1982 an
intense storm throughout the region caused 18,000 debris flows that killed 25 people.

Stop 2—Hayward Fault Zone, Hayward

Introduction

In 1868, a length of the Hayward Fault Zone stretching from Oakland to Fremont broke, and the rocks west of the
fault suddenly jumped several feet to the northwest with respect to those east of the fault. The energy released by this
sudden motion produced a large earthquake, causing destruction throughout the San Francisco Bay region (fig. 2.10).
Until the earthquake of 1906, the Hayward Fault Zone quake was known as the Great San Francisco Earthquake.
Although the effects of this earthquake were well studied at the time, the work was for the most part lost, thought to have
been suppressed by local government officials concerned that scientific studies of earthquakes could dampen growth and
development in the region!

Since 1868, however, the Hayward Fault Zone has been relatively quiet, and has not generated a large earth-
quake. The forces that lead to earthquakes have not stopped, though. The rocks underlying San Francisco Bay
continue to move northwest with respect to those east of the Hayward Fault Zone, but most of the fault zone itself
is stuck, and pressure is slowly building up in the rocks near the fault zone. Eventually the pressure will overcome
the friction and other forces that are causing the fault zone to stick, and the accumulated energy will be released
in another big earthquake.

While almost all of the fault zone is stuck, in some places conditions within the rock allow the portion of the fault at
the surface to slowly slide along in response to the pressure building up on the stuck fault. This slow sliding is called
fault creep. Although the motion of creep is very slow (on the Hayward Fault Zone, the maximum creep rate is 9 mm/yr,
or about 1/1000 mm/hr!), over the years the effects of the offset can be seen, especially in man-made structures. It is
important to note that while creep does allow that part of the fault near the surface to slide along without pressure
building up, most of the fault at depth is still stuck, so creep doesn’t do much to help reduce the next big earthquake.
However, creep does help us find some of the parts of the fault zone where pressure is building up.

Exercise

Look for evidence of creep in the manmade structures (curbs, streets, parking lots, and buildings) in the area. Remem-
ber that the rocks west of the fault are moving north with respect to those east of the fault. Mark the position of the fault
creep on the detailed map (fig. 2.11A ). Use your observations of fault creep to make a map of the surface trace of the
creeping fault. Transfer your fault trace to the map of the larger area (fig. 2.11B ). Do you see any other features in the
map that look like they might be related to the motion of the fault?

More About It

Major fault zones, like the Hayward Fault Zone, are fractures in the upper crust, formed when very large blocks of the
Earth’s lithosphere slide along, over, or under other blocks (the lithosphere is the rigid outer part of the Earth composed of the
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crust and the upper mantle). The force that drives the motion of these blocks is provided by the continual formation, motion,
and destruction of huge pieces of lithosphere called plates. The collective motion of the plates (fig. 2.12), called plate
tectonics, is the driving force for most of the earthquakes, volcanoes, and mountain uplifts in the world. Where plates interact
by sliding past one another, like they do in California, the upper crust near the plate boundary is broken into large blocks that
are separated from each other by fault zones, like the Hayward Fault Zone. Driven by the northwest motion of the Pacific
Plate with respect to the North American Plate, the blocks in the San Francisco Bay region are in motion. Each block moves
northwest with respect to the one east of it.

Although most people, including many geologists, tend to think of a fault as a single crack in the Earth’s crust, the major
fault zones are actually very complex systems composed of many faults (fig. 2.13), not all of which are moving at the same
time or in the same way. Through the long history of a fault zone (the Hayward Fault Zone is probably about 12 million years
old), the sliding motion between the moving blocks is sometimes focused in one area, later in another area. The creeping part
of the Hayward Fault Zone has probably moved only about 5 km, roughly 1/20 of the total offset of the Hayward Fault Zone
as a whole.

Just as the long history of the fault zone is complex, the active part of the fault zone also involves more than a single crack.
In the area near our stop, at least three different faults have evidence of recent activity (perhaps you spotted one in the
exercise). Geologists look for evidence of recent fault motion because we believe those parts of a fault zone that have moved
most recently are most likely to move again. Remember that although the moving parts of the fault zone have changed, those
changes took place over millions of years.

Recent fault activity, like landsliding, produces unique landscape features (fig. 2.14) that can be used to locate active parts
of a fault zone. In the Hayward area, linear ridges, linear valleys, fault scarps, and offset streams all mark the active parts of
the Hayward Fault Zone (fig. 2.15). It is important to note that not all active parts of the fault zone are creeping, although
creeping parts are all active.

It is important to know which parts of the fault zone are currently active because one of the hazards during an earthquake
is fault rupture (fig. 2.16). Any structure built across a fault that suddenly moves with offsets up to several feet will suffer
extreme damage. In California, the U.S. Geological Survey (USGS) cooperates with the California Division of Mines and
Geology (CDMG) to make special maps showing all faults known to be active, and special geologic studies are required
before any structure can be built within 50 feet of one of the active faults. Because of the regulatory nature of the maps,
though, only those faults known to be active are shown. In Hayward, only the creeping part of the Hayward Fault is shown.
The other two faults that have features related to recent movement are not shown because their activity is not proven (though
proof for one has recently been discovered, so it will probably be added to the next version of the maps).

Even more important than the fault-rupture hazard is the hazard from earthquake shaking and related effects (the
1989 Loma Prieta earthquake occurred deep in the crust, there was no fault-rupture damage, all the damage was caused
by shaking and related effects). Shaking occurs in response to waves of energy that are released by and move away
from the rupturing fault. In general, the intensity of the energy waves decreases as they move away from the fault, so
the farther from the fault rupture, the less shaking is felt. However, shaking can be magnified by the geologic or man-
made material under the surface. Loose materials like artificial fill, bay mud, and sand dunes tend to amplify shaking
the most, whereas bedrock tends not to amplify shaking at all. In addition, loose materials saturated with water can be
converted to “quicksand” by shaking, a process called liquefaction. Shaking can also trigger landslides, especially if
there has also been heavy rainfall. Although these hazards have long been recognized (the danger of artificial fill was
noted after the 1868 earthquake!), maps of these hazards have only recently begun to be produced. USGS is currently
cooperating with the CDMG to produce maps showing areas of liquefaction and earthquake induced landslide hazard.
Regional maps showing predicted shaking intensity for large earthquakes on several faults in the San Francisco Bay
region are available from the Association of Bay Area Governments: their informative earthquake website is http://
www.abag.ca.gov/bayarea/eqmaps/eqmaps.html.

The Holy Grail of earthquake study is, of course, earthquake prediction. Accurate prediction of earthquakes is at
present impossible, because irregularities in the fault surface, differences in properties of the rocks cut by the fault, and
the interplay of pressure buildup and release on every fault in the region, all affect the exact amount of pressure that
needs to build up to overcome the resisting friction on any given part of a fault. Perhaps one day geologists will be able
to measure tiny changes in some property of the fault zone, such as electrical, magnetic, acoustic, production of various
gasses, to give an early warning of an earthquake. For now, scientists at USGS and elsewhere are using more general
techniques to try to determine where and when an earthquake is likely to occur. Information about when the last major
earthquake was, how fast pressure is building up, and how large an earthquake to expect are combined to give a probabil-
ity of an earthquake on active faults over a 30-year time period. At the same time, engineers are using seismic data to
design earthquake resistant structures.

It may be interesting to note that the idea of plate tectonics that all our understanding of earthquakes and major faults is
now based on is a relatively new concept. The first observations that ultimately led to the modern ideas of plate tectonics
were made mostly after World War II, and the theory was only fully accepted by the scientific community in the late 1960’s.
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Stop 3—Caldecott Tunnel Between Oakland and Orinda

Introduction

In the San Francisco Bay region, vegetation and soil obscure much of the detail about the underlying rocks. Geolo-
gists make the most of those few areas where the rocks are well exposed, either by natural processes like canyon erosion,
or by man, such as in the roadcut at this stop (figs. 2.17 and 2.18). When Caldecott Tunnel was expanded, the steep and
deep cuts here exposed a body of rock that otherwise would have been for the most part obscured. The complete expo-
sure allows us to make important observations that can tell us what the environment was when the rock formed, where
material that was deposited here came from, how old the rocks are, and what has happened to the rocks since they were
formed.

Exercise

The work of the geologist in the field is much like the work of a detective, making careful observations and trying to
put all the information together to make a coherent story that explains what we observe. Use the map (fig. 2.19) to record
your observations about the rocks at this stop (Are they all the same color? Texture? Are they made up of the same
things? Are they layered?). Try to think of a story that explains what you see.

More About It

The first thing to look at here is the big picture. As we look north, we see that there are two very different kinds of
rock bodies (fig. 2.18). On the left, the rocks are green, light gray, and in some places red: they are distinctly layered, and
some layers are harder than others. This body of rocks is called the Orinda Formation. On the right, the rocks are dark
brown, hard, with thicker layers that are less distinct. This body of rocks is called the Moraga Volcanics. Geologists
name rock bodies after the place where they were first discovered or described, or where they are best exposed. Naming
rock formations helps geologists communicate with each other our observations about various rock bodies, although
misuse of names sometimes leads to confusion.

A closer look at the Orinda Formation reveals that it is made up of layers of broken up pieces of other kinds of rock (fig.
2.20). Rocks made up of pieces of other rocks are called sedimentary. Some layers are made of large pebbles and cobbles
(geologists call rocks like these conglomerate), other layers are made of tiny grains too small to see (geologists call that
mudrock), others are in between, made up of sand (sandstone). A very close look at the pieces reveals that there are many
different kinds of rocks among the pieces, all mixed together here. The pieces were broken off a variety of rock bodies
somewhere else, mixed together during their transport here, and then dropped off to form the layers you see. But how?

There are several different forces on the Earth’s surface that can move rock fragments, such as glaciers, wind,
landslides, ocean currents, and rivers. Because the pieces in the layers here are sorted out into different sizes in different
layers, we can eliminate glaciers and landslides. Why? Because observations by geologists have shown that glaciers and
landslides deposit all different sizes of fragments mixed together. And wind does not have enough force to move the
large cobbles we see in some of the layers here. So, that leaves ocean currents and rivers, which can form very similar-
looking layers. We need a little help here, but the fossils of land mammals discovered here and elsewhere in the Berkeley
Hills (fig. 2.21) reveal that the layers were deposited by rivers. The conglomerate layers formed in stream beds, where
fast moving water could bring the large pieces, and floods formed the sandstone and mudrock as the river overflowed its
banks and dropped out sediments in the floodplain as the moving water slowed down.

The Moraga Volcanics, as the name suggests, are an entirely different kind of rock body, not made up of broken pieces of
other rocks brought here. A closer look at the rock body reveals that it is fairly uniform, dark and heavy. A very close look
shows that it is not made of pieces, but is, instead, a solid mass. In some places, though, we can find parts of the rock body
that are full of holes, and in others the solid mass is punctuated by well-formed crystals of a white mineral called plagioclase.
Geologists know that a solid mass like this can only form when molten rock cools and crystallizes, forming an igneous rock.
Igneous rocks can form deep within the earth, slowly cooling and crystallizing, producing rocks made of large crystals like
granite (fig. 2.22), or can form when molten rock flows or erupts out onto the surface of the earth, cooling quickly with no
time to form large crystals. The lack of large, interlocking crystals here shows us that this rock formed from molten rock on
the surface (lava), which flowed out of volcanoes to make volcanic rocks (hence the name Moraga Volcanics). The holes we
see in some places (fig. 2.23) are actually the remnants of bubbles, produced by gas released from the lava, and trapped when
the lava hardened. The plagioclase crystals are large crystals that formed slowly deep below the volcano, and were brought to
the surface with the lava during eruptions. The dark color of the volcanic rock reveals that it is rich in iron and magnesium, a
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kind of rock called basalt. The volcanoes that produced the lava were long ago eroded away, although you can still see the
remnants of one at Sibley Volcanic Regional Park nearby.

The place where the two bodies meet is called a contact (fig. 2.24). There are two ways a contact between different
rock bodies can form. One is by sliding two rock bodies next to each other along a fault, which would form a fault
contact. Fault contacts are usually recognizable by the grinding and stretching in the rocks on either side. The absence of
grinding and stretching here says that this is not a fault contact. The other way a contact can form is when a younger rock
body is formed next to an older body, a depositional contact. A closer look at the contact here reveals a thin, bright red
layer of mudrock. The brick-red color is the result of baking, the hot lava cooking the layer of mud that it flowed onto.
So, here, we can tell that this is a depositional contact, the lava flowed onto the sedimentary layers, and the volcanic
rocks formed there. Geologists are very interested in contacts, because they tell us a lot about the history of the formation
of the rocks. We make geologic maps that show where the contacts between different rock bodies are. However, in the
San Francisco Bay region, it is very unusual to be able to see a contact as well as this.

Another thing you notice right away about this roadcut is that all the layers are steeply tilted (figs. 2.17 and 2.18). One of
the earliest observations by geologists was that sedimentary and volcanic layers are almost always formed close to horizontal.
This is called the Law of Original Horizontality, a fancy name for a simple idea—rock layers start out flat. The Grand Canyon
is a perfect example of a place where the layers are still flat, but not so here. The plate tectonic forces that are driving the
Hayward Fault Zone have also tilted and folded the layers of the Orinda Formation and the Moraga Volcanics. The roadcut
has exposed the tilted layers of part of one side of a U-shaped structure called a syncline (fig. 2.25). As we leave this stop, we
will drive east on the freeway to see the other side of the syncline, where the layers are tilted the other way. The tilting makes
it hard to visualize the place these layers originally formed, everything is now standing on its edge. Even if the volcanoes that
produced the lava flows were preserved, they too would be tipped entirely onto their sides!

Nevertheless, we can start to put together the history of these rocks. We start with a river system that over thousands of
years of geologic time builds up a thick pile of sedimentary layers. At some point volcanoes erupt nearby, filling the river
valleys with lava, flow after flow to build up a thick pile. Later, the originally flat sedimentary and volcanic layers are tilted
and folded. This kind of story reveals the sequence, or relative age of events associated with these rocks. The idea of relative
age is another of the earliest ideas of geology. All of the geologic periods that you may have heard of (like Jurassic, as in
“Jurassic Park”) were divided up using the ideas of relative age, including those involving fossils. Over the last few decades,
though, we have been able to deduce the numeric age of certain kinds of rocks by measuring the decay of certain radioactive
elements in the minerals within the rock (radiometric dating). Sedimentary rocks are not very good for this technique, but
volcanic rocks are much better. The Moraga Volcanics here are about 10 million years old. You can see how numeric age and
relative age can be combined. Clearly the Orinda Formation is older that 10 million years, the folding of the layers is younger
than 10 million years.

And there’s more! The way the cobbles in the conglomerate stack on one another tell us that the sediments in the Orinda
Formation came from the west, the large size of the cobbles tells us the rivers were energetic and flowed down a steep slope,
and the rounding-off of the edges and corners of the cobbles and pebbles tells us the sediments were only brought a moderate
distance. It is hard to imagine now, but the hills we are in here were once a low river valley, and where San Francisco Bay is
now were once pretty high hills and mountains!

So what happened? One clue is that the Hayward Fault Zone is between us and the Bay, so the mountains and hills that
provided the sediment have been moved northwest by the fault motion, but how far? The answer is only now being unrav-
eled, and the Moraga Volcanics play a big part. That is because the Moraga Volcanics are only half of the lava flows that were
produced by volcanoes 10 million years ago. The other half is now found about 45 kilometers to the northwest (fig. 2.26),
moved there by offset on the Hayward Fault Zone, so the mountains and hills must also have been moved that far (actually,
there is another part of the Hayward Fault system that branches west of the volcanics, the total offset on the Hayward Fault
Zone is about 90 kilometers). In addition to sliding northwest, the rocks of the San Francisco Bay block have also been
pushed down by the same plate tectonic forces that folded and tilted the layers and lifted up the hills.

A geologist is trained to understand all the complexities of the story that the rocks can tell us and can draw on the observa-
tions and experiments of many geologists working before him or her, but we all start with careful observations of the rocks.
Knowing just a few of the basics will allow anyone to begin to unravel the history of the landscape around us and the rocks
under our feet. We can look at the world with a new point of view. Did any of us think about where the flat layers of the Grand
Canyon came from before now? Have they been exposed to the same kind of plate tectonic forces that the rocks here have?
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Figure 2.1.   The ridge to the east of the
freeway in the Irvington District of
Fremont has a straight west face
carved by the Hayward Fault (marked
by the thick black line). This kind of
face is called a scarp. (The map from
the a portion of the Niles 7.5-minute
quadrangle USGS topographic map.)

▼ Figure 2.2.   Notice the
meandering path of Alameda
Creek in Niles Canyon. These
meanders were probably formed
before the hills, and were
trapped in the shape of the
canyon which formed as the
stream eroded through the hills
being lifted up. (The map from
the a portion of the USGS Niles
7.5-minute quadrangle topo-
graphic map.)
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Figure 2.3.   An aerial view of the Mission Peak Landslide (photo by Jeff Coe, U.S. Geological Survey).
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Figure 2.4A and B.   Exercise maps for Stop 1 (portions of the USGS Niles 7.5-minute quadrangle topographic map).

A
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Figure 2.4A and B —Continued.   Exercise maps for Stop 1 (portions of the USGS Niles 7.5-minute quadrangle topographic map).

B
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Figure 2.5.   Anatomy of a landslide, showing landscape features produced by a bedrock landslide. Notice especially the different kinds
of features at the top and the bottom of the landslide. This difference reflects the different forces at work in the area where rock is
being piled up (the bottom, or zone of accumulation) and where the rock is being moved away (the top, or zone of depletion). Can you
see some of these features in the Mission Peak slide? See fig. 2.3. (Diagram modified from West, T.R., 1995, Geology applied to
engineering: Englewood Cliffs, New Jersey, Prentice-Hall, p. 294)
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Figure 2.6.   The outline of the slide is
shown by the dashed line. The house
nearest the slide experienced some
damage during the slide, despite
strenuous efforts to divert sliding material
(note the large bulldozer beside the
house!). Several of the landscape
features formed during the slide are also
marked (see fig. 2.5 for more about
landscape features formed by bedrock
landslides) (photo by Jeff Coe, U.S.
Geological Survey).

Figure 2.7.    The effects of erosion on
landscape features formed by land-
slides, from A: a very recent slide, to D:
a very old slide.
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Figure 2.8.    Map showing the approximate outline of both the 1998 Mission Peak landslide and the much larger, older landslide that
contains it. Note the irregular appearance of the contour lines within the older landslide. Do you see other areas on the map that could
be older landslides?

Figure 2.9.    Debris flows: small, shallow, fast-moving landslides that commonly occur during very heavy rainstorms. Photo A shows a
natural hillside scarred by many debris flows in 1998. Photo B shows the impact of a single debris flow on a home in Marin County in 1998.
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Figure 2.10.    The front page of the San Francisco Chronicle following the 1868 earthquake on the
Hayward Fault Zone.
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Figure 2.11A and B.    Exercise maps for Stop 2 (portions of the USGS Hayward 7.5-minute quadrangle topographic map).

A
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Figure 2.11A and B—Continued.    Exercise maps for Stop 2 (portions of the USGS Hayward 7.5-minute quadrangle topographic map).

B
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Figure 2.13.    Generalized map showing all the known faults in the Hayward Fault Zone. Note that most of the faults are not
presently active, but all have played a part in the 12-million-year history of the fault zone. The creeping part of the fault zone
is shown by the thick line marked CS, and other named faults in the fault zone are labeled. The length of the fault rupture in
1868 is also shown.
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Figure 2.14.    A block diagram of part of the upper part of the crust showing the landscape features associated with fault offset.
Recognizing the presence of these features can help geologists locate faults that might be active even if they are not creeping.
(Diagram from Wallace, R.E., ed., 1990, The San Andreas Fault System, California: U.S. Geological Survey Professional Paper 1515, p. 17.)
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Figure 2.15.    Topographic map of northern Hayward showing the landscape features associated with the Hayward Fault in the area of Stop 2.
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Figure 2.16.    Two photos showing the effects of fault rupture.
During an earthquake, the Earth’s surface along a fault can be
suddenly and permanently offset by many meters. Photo A shows
the result of 6 meters of offset that occurred during the 1940
Imperial Valley earthquake in southern California. Photo B shows
the crack left by 6 meters of offset that occurred near Point Reyes
during the 1906 San Francisco earthquake. Imagine what would
happen to anything built across the fault. (Photos from Wallace,
R.E., ed., 1990, The San Andreas Fault System, California: U.S.
Geological Survey Professional Paper 1515, p. 163.)
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Figure 2.18.    Another view of the roadcut east of Caldecott Tunnel. Notice the two very different kinds of rocks—the lighter
rocks on the lower-left are the Orinda Formation, the darker rocks on the upper-right are the Moraga Volcanics.

Figure 2.17.    Photo looking west from the parking area at the deep roadcut east of Caldecott Tunnel. Exposure like
this is very rare in the San Francisco Bay region.
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Figure 2.19.    Exercise map for Stop 3 (a portion of the USGS Oakland East 7.5-minute quadrangle topographic map).
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Figure 2.20.    Two close-up views of the Orinda Formation. In the upper photo, notice how
the rock is made up of fragments of many other kinds of rocks mixed together. In the lower
photo, notice the layers, and how the different sized pieces are sorted into separate layers,
cobbles and pebbles in the layer on the left, sand in the layer on the right, and mud in the
red and green layers in the middle. Geologists use information like this to deduce how
rocks were formed, in this case by deposition of eroded material by a river.
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Figure 2.21.    Sketches of fossils found in the Berkeley Hills. A
is part of a beaver skull, B shows two horse teeth, and C
shows two parts of a camel leg. Fossils from rabbits, hippos,
and various plants have also been found. Notice the
difference between the teeth of a beaver more than 10 million
years ago and the teeth of a beaver today! These fossils
show that the sedimentary rocks here formed in rivers, not in
the ocean. What sort of fossils would you expect from rocks
formed in the ocean? (Sketches reproduced from Merriam,
J.C., 1913, Vertebrate fauna of the Orindan and Siestan beds
in Middle California: University of California, Bulletin of the
Department of Geology, v. 7, no. 19, p. 373-385.)
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Figure 2.22.    A close-up photo of granite. Notice that it is made up of
interlocking large crystals. The large crystals form when molten rock is
allowed to cool slowly deep within the earth. When molten rock is
erupted onto the surface by volcanoes, it cools quickly, so volcanic
rocks mostly lack large crystals. The labels show the names of some of
the minerals in granite.

Figure 2.23.    A close-up view of part
of the Moraga Volcanics. Notice the
many holes in the rock. These are
vesicles, bubbles of gas released from
the lava as it erupted (like carbonation
is released when a bottle of soda is
opened) and trapped when the lava
hardened into rock.

Figure 2.24.   The south face of the
roadcut east of Caldecott Tunnel. The
depositional contact between the
Orinda Formation on the right and the
Moraga Volcanics on the left is
marked.
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Figure 2.25.   A hand-drawn diagram of the tilted and folded geologic units in the Berkeley Hills. The diagram looks at
the layers in the Earth’s crust from the side, as if you could slice the crust like a layer cake (geologists call that a cross
section). The Orinda Formation and Moraga Volcanics are labeled, as well as the general location of Stop 3. The
numbers on the left side mark feet above sea-level. This U-shaped fold in the layers of rock is called a syncline.
Remember that all the layers were originally flat. The same plate tectonic forces that are driving the Hayward and San
Andreas Faults today have bent and warped the layers in the rocks here, and have also pushed up rocks that were
formed in a river valley to make the hills we see now. (Diagram drawn by A. Sarna-Wojcicki, U.S. Geological Survey.)

Figure 2.26.   Map showing the area of
the Moraga Volcanics and other
volcanics at the Berkeley Hills and their
offset equivalent north of San Pablo Bay,
as well as the faults of the Hayward Fault
Zone and the next fault zone to the east.
Note that the Tolay Fault passes west of
the northern volcanics. 45 more kilome-
ters of offset have taken place on that
part of the Hayward Fault Zone. Note also
that the volcanics at the Berkeley Hills
are bounded on the east by a fault zone.
Do you think the Berkeley Hills Volcanics
could have been moved northwest by
those faults too?


