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The Resource Mine
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Generations of Californians have been “putting down roots” along one of the world’s most 
famous faults—the San Andreas. However, few Californians have experienced a major San 
Andreas earthquake. In Northern California, the last major earthquake was 100 years ago 
in 1906. Over 3,000 people were killed and 225,000 people were left homeless. In Southern 
California, the last major earthquake on the San Andreas fault was 150 years ago (1857), 
rupturing the fault from Central California to San Bernardino. Few people lived in the area, so 
there was very little damage.

Further south along the San Andreas fault, from San Bernardino through the Coachella Valley 
to the Salton Sea, over 300 years have passed since the last major earthquake (around 1680). 
Another major earthquake is likely to happen on this section of the fault within our lifetime, 
and will shake all of Southern California. A study led by the U.S. Geological Survey describes 
in great detail the extensive damage and casualties that result from such an earthquake, and 
recommends many ways that we can keep this natural disaster from becoming a catastrophe 
(see pages 8-11). 

While the San Andreas is most likely to be the source of our largest earthquakes, there are 
hundreds of other faults throughout Southern California that could also cause damaging 
earthquakes. Some may happen before the next San Andreas earthquake and could be even 
more destructive if they occur directly beneath densely populated areas.

This handbook is a resource for living in earthquake country. It provides information about 
why we should care about earthquakes in Southern California, what we should do to be 
safe and reduce damage, and also what we should know about earthquake basics.
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What does it mean? 

To become familiar 
with earthquake 

vocabulary, you may 
want to read the 

“What Should I Know” 
section first.

“BIG EARTHQUAKES 
ALWAYS HAPPEN IN 
THE EARLY MORNING’

This myth may be so common 
because we want it to be 
true. Several recent damag-
ing earthquakes have been 
in the early morning, so many 
people believe that all big 
earthquakes happen then. In 
fact, earthquakes occur at all 
times of day. The 1933 Long 
Beach earthquake was at 
5:54 pm and the 1940 Imperial 
Valley event was at 8:37 
pm. More recently, the 1992 
Joshua Tree earthquake was 
at 9:50 pm and the 2003 San 
Simeon event was at 11:15 am. 
It is easy to notice the earth-
quakes that fit the pattern and 
forget the ones that don’t.
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Why should I care?

T H E  R E S O U R C E  M I N E :  To learn more see the web resources listed on page 32.
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San Andreas fault            

San Jacinto fault          

Elsinore fault         

Imperial fault

S O U T H E R N  C A L I F O R N I A  I S 
E A R T H Q U A K E  C O U N T R Y 

We know that the San Andreas fault produces large 
earthquakes and that many other faults are also haz-
ardous. However, it is often difficult to understand 
how to incorporate this information into our lives. 
Should we care only if we live near the San Andreas 
fault? Is every place just as dangerous? This sec-
tion describes where earthquakes have occurred 
in the past and where they may likely occur in the 
future, how the ground will shake when they do, and 
what may happen in a plausible “big one” on the San 
Andreas.

SOUTHERN CALIFORNIA 
EARTHQUAKES AND FAULTS 

The earthquakes of California are caused by 

the movement of huge blocks of the earth’s 

crust – the Pacific and North American plates. 

The Pacific plate is moving northwest, scrap-

ing horizontally past North America at a rate 

of about 50 millimeters (2 inches) per year. 

About two-thirds of this movement occurs 

on the San Andreas fault and some paral-

lel faults—the San Jacinto, Elsinore, and 

Imperial faults (see map).  Over time, these 

faults produce about half of the significant 

earthquakes of our region, as well as many 

minor earthquakes.

The last significant earthquake on the 

Southern California stretch of the San 

Andreas fault was in 1857, and there has not 

been a rupture of the fault along its southern 

end from San Bernardino to the Salton Sea 

since 1690.  It is still storing energy for some 

future earthquake.   

But we don’t need to wait for a “big one” to 

experience earthquakes.  Southern California 

has thousands of smaller earthquakes every 

year.  A few may cause damage, but most are 

not even felt.  And most of these are not on 

the major faults listed above. The earthquake 

map at top right shows that earthquakes can 

occur almost everywhere in the region, on 

more than 300 additional faults that can cause 

damaging earthquakes, and countless other 

small faults.

This is mostly due to the “big bend” of the 

San Andreas fault, from the southern end of 

the San Joaquin Valley to the eastern end of 

the San Bernardino mountains (see diagram 

at right). Where the fault bends, the Pacific 

and North American plates push into each 

other, compressing the earth’s crust into the 

mountains of Southern California and creating 

hundreds of additional faults (many more than 

shown in the fault map).  These faults produce 

thousands of small earthquakes each year, and 

the other half of our significant earthquakes.  

Examples include the 1994 Northridge and 

1987 Whittier Narrows earthquakes.

Significant Southern California earthquakes since 1857

 Date Time Location Magnitude
1. 01.09.1857 8:24 am Fort Tejon 7.9
2. 02.24.1892 11:20 pm Laguna Salada 7.3
3. 12.25.1899 4:25 am San Jacinto/Hemet 6.7
4. 04.21.1918 2:31 pm San Jacinto 6.8
5. 06.29.1925 7:42 am Santa Barbara 6.8
6. 11.04.1927 5:51 pm Offshore Lompoc 7.1
7. 03.10.1933 5:54 pm Long Beach 6.4
8. 05.18.1940 8:37 pm Imperial Valley 6.9
9. 04.10.1947 7:58 am Manix 6.5
10. 07.21.1952 3:52 am Kern County 7.5
11. 04.09.1968 6:29 pm Borrego Mountain 6.6
12. 02.09.1971 6:01 am San Fernando 6.6
13. 10.15.1979 4:16 pm Imperial Valley 6.4
14. 07.08.1986 2:21 am North Palm Springs 5.7
15. 10.01.1987 7:42 am Whittier Narrows 5.9
16. 11.24.1987 5:15 am Superstition Hills 6.6
17. 06.28.1991 7:43 am Sierra Madre 5.8
18. 04.22.1992 9:50 pm Joshua Tree 6.1
19. 06.28.1992 4:57 am Landers 7.3
20. 06.28.1992 8:05 am Big Bear 6.3
21. 01.17.1994 4:30 am Northridge 6.7
22. 10.16.1999 2:46 am Hector Mine 7.1
23. 12.22.2003 11:15 am San Simeon 6.5
24. 07.29.2008 11:42 am Chino Hills 5.4

Geologic rates

The rate of plate movement along the San 

Andreas fault, 33 millimeters (1.3 inches) 

each year, is about how fast your finger-

nails grow. As a result, Los Angeles City 

Hall is now 2.7 meters (9 feet) closer to San 

Francisco than when it was built in 1924. 

It would take a mere (geologically speaking) 

2 million years for your nails to extend 100 

kilometers (60 miles) from San Bernardino to 

Palmdale. It took many millions of years of 

movement on faults (earthquakes) to shape 

Southern California’s current landscape.

1 SCEC Community Fault Model  This map shows the 3-dimensional 
structure of major faults beneath Southern California. Vertical faults 
such as the San Andreas (red band from top left to bottom right) are 
shown as a thin strip. Faults that are at an angle to the surface are 
shown as wider ribbons as they lie beneath broad areas (the nearest 
fault to you might be a few miles beneath your home). Areas that seem 
to have few faults can still experience strong shaking from earthquakes 
on unmapped faults or from large earthquakes on distant faults.

1 A schematic block model of Southern California 
showing the motion of the Pacific and North 
American plates, and the big bend of the San 
Andreas fault where the plates squeeze together.

1 Earthquakes plotted on this map (at their epicenters) include: significant earthquakes since 1850 as red 
numbered circles corresponding to the table at left; earthquakes larger than magnitude 5.5 (1850-1932) and 
magnitude 4 (1932-2008) as orange and red small circles; and earthquakes smaller than magnitude 4 (1933-
2008) as blue dots. While there are thousands of earthquakes shown, this is only a very small window on the 
earthquake history of southern California! For recent earthquake information see page 30. 

N O R T H

A M E R I C A N 

P L A T E
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Why should I care?

FUTURE EARTHQUAKES

We know that southern California is subject to 

frequent—and sometimes very destructive—

earthquakes. Forecasts of future quakes help 

us prepare for these inevitable events. But 

scientists cannot yet make precise predictions 

of their date, time, and place, so earthquake 

forecasts are in the form of probabilities that 

quakes of certain sizes will occur over longer 

periods of time.  

The most comprehensive statewide analysis 

of earthquake probabilities (see below), 

determined that the chance of having one or 

more magnitude 6.7 or larger earthquakes in 

California over the next 30 years is 99.7% 

(see map at lower right). The fault with the 

highest probability of such earthquakes is the 

southern San Andreas– 59% in the next 30 

years. For powerful quakes of magnitude 7.5 

or greater, there is a 37% chance that one or 

more will occur in the next 30 years in 

southern California.  

These results are incorporated into national 

seismic hazard maps, used for implementing 

building codes, setting earthquake insurance 

rates, and prioritizing emergency preparedness 

activities. These maps combine earthquake 

rupture forecasts with formulas for how 

shaking varies with distance and factors such 

as distance from the epicenter and local soil 

conditions (see pages 28 and 29). 

A seismic hazard map produced by the 

California Geological Survey is shown at 

top right. Areas in red and pink are more 

likely to experience strong earthquake 

shaking. The map adds together shaking 

from all potential earthquakes. Smaller earth-

quakes will only cause shaking locally, while 

larger earthquakes may cause strong shaking 

throughout southern California.  

C A L I F O R N I A

1 Geodesy  Global positioning system (GPS) 
observations by satellite document how fast 
various points in California are moving (arrows) 
in response to the steady motion of the Pacific 
and North American tectonic plates.

5 Seismology  Monitoring instruments 
provide a record of California earthquakes 
during recent historical times—where and 
when they occur and how strong they are.

1 Geology  Geologic field mapping and aerial 
photos trace out California’s many faults and 
document the accumulated slip in earthquakes 
over thousands of years. Color spectrum shows 
rates of slip, from fast (purple and red) to very 
slow (dark blue).

“AND THE EARTH
OPENED…”

A popular literary device is 
a fault that opens during an 
earthquake to swallow up 
an annoying character. But 
unfortunately for principled 
writers, gaping faults exist 
only in novels. The ground 
moves across a fault during 
an earthquake, not away from 
it. If the fault could open, there 
would be no friction. Without 
friction, there would be no 
earthquake.
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3 Expected Shaking  This map builds on the map of 
likely earthquakes below to show how those earthquakes 
will shake the region.  Bands of highest shaking generally 
follow major faults, but shaking levels are also influenced 
by the type of materials underlying an area—soft soils 
tend to amplify and prolong shaking, even at great 
distances from a quake. In addition, deep soils in valleys 
shake more than bedrock in the hills. Unfortunately most 
urban development is in these valleys.
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Earthquake Forecast
Multidisciplinary groups of scientists and 

engineers, each known as a “Working Group on 

California Earthquake Probabilities (WGCEP)” 

have developed earthquake forecasts since 1988.  

The 2007 WGCEP was commissioned to develop 

an updated, statewide forecast. The result is the 

Uniform California Earthquake Rupture Forecast, 

available for download at www.scec.org/ucerf. 

Organizations sponsoring WGCEP 2007 include the 

USGS, California Geological Survey, the Southern 

California Earthquake Center, and the California 

Earthquake Authority. The comprehensive new 

forecast builds on previous studies and also 

incorporates abundant new data and improved 

scientific understanding of earthquakes.

7 The Composite Forecast—UCERF  
The final forecast results from evaluating 
and integrating several types of scientific 
data. This map shows the likelihood of 
having a nearby earthquake rupture (within 
3 or 4 miles) for all areas of California. 
Areas along major faults (numbered) stand 
out as having the highest probabilities for 
earthquake rupture.
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Why should I care?

ONE PLAUSIBLE BIG ONE

As shown on the previous page, it is only a 

matter of time before an earthquake strikes 

southern California that is large enough to 

cause damage throughout the entire region. 

What will that earthquake be like, and what 

will its impacts be? Could this be southern 

California’s version of Hurricane Katrina? 

What could be done now to reduce these 

impacts? These are the kinds of questions that 

motivated the development of the ShakeOut 

Earthquake Scenario, a comprehensive study 

of a magnitude 7.8 earthquake, led by the 

U.S. Geological Survey with the Southern 

California Earthquake Center, California 

Geological Survey, and hundreds of 

experts. The study was the basis of The 

Great Southern California ShakeOut, 

1 Shaking Intensities in the ShakeOut Scenario Earthquake   An earthquake 
has only one magnitude and epicenter but a pattern of shaking intensity that 
depends on several factors. The strongest shaking (red on map) occurs very 
near the fault and dies off as seismic waves travel away.  Away from the fault, 
in natural basins filled with sediments, some waves get trapped and reverberate, 
causing pockets of strong shaking (red and orange that in this earthquake persist 
for as long as a minute.  Ground shaking continues as the waves travel away, and 
in this earthquake, total shaking lasts for more than 3 minutes.  [Map credit: USGS]

1 Shaking Intensities in the Northridge Earthquake  During the 1994 magnitude 
6.7 Northridge earthquake, intense shaking affected a much smaller area and mil-
lions fewer people. Northridge was not a major earthquake and very few people 
have experienced one. Even for Scenario experts it is hard to imagine what one 
would be like. Even for Scenario experts, it proved challenging to think outside 
the “Northridge box” while studying a much larger earthquake. [Map credit: USGS]

1 Earthquake Shaking Animation  These computer-generated snapshots 
show maximum velocity of ground motion as the earthquake waves move out 
from the fault and travel through southern California. Snapshots are taken 
at 30, 60, 90, 120, 150, 180, 210, and 240 seconds after the fault starts rupturing. 
Yellow indicates the most damaging level, with orange and red also likely to 
cause damage. Note the persistent shaking in sedimentary basins where waves 
have gotten trapped and reverberate. To view the complete movie, visit 
urbanearth.usgs.gov/shakeout.  [Images credit: Simulation by Rob Graves, URS Corporation, 

for the Southern California Earthquake Center on high-performance computers at the University of 

Southern California; images courtesy of Geoff Ely, University of California San Diego/San Diego 

Supercomputer Center]

the largest earthquake readiness campaign 

in U.S. history.

The “what if?” earthquake modeled in this 

study ruptures the southern San Andreas Fault 

for more than 200 miles (black line on map 

below). The epicenter is on the northeast side 

of the Salton Sea in Imperial County, though 

strong shaking will be produced all along 

the fault as it ruptures through the Coachella 

Valley, into San Bernardino, across the Cajon 

Pass and further to the northwest until ending 

near Lake Hughes west of Lancaster. 

As the rupture progresses it will offset the 

ground along the fault by more than 20 

feet in places, and bend or break any road, 

railroad, pipeline, aqueduct, or other lifeline 

that crosses the fault. Overall the rupture will 

produce more than 100 seconds of shaking 

throughout southern California. As shown in 

the large ShakeMap at left, shaking will be 

strong along the fault but also further away 

where soil type, thickness of sediments, and 

other factors amplify earthquake shaking. In 

some areas, the ground will shift violently 

back and forth, moving nearly 2 meters 

(6 feet) in each second—shoving houses off 

foundations, sending unsecured furniture and 

objects flying.

The overall shaking in this earthquake will be 

more than 50 times the shaking produced by 

the Northridge earthquake (see inset at left). 

In addition, large earthquakes create earth-

quake waves that are never created by smaller 

earthquakes like Northridge. These long 

period waves can cause damage very far from 

the fault, and are especially damaging to tall 

buildings or certain infrastructure.

Finally, damage may also result when strong 

shaking occurs in areas prone to landslides 

and in materials that are susceptible to 

liquefaction whenever the groundwater is 

close enough to the surface. Maps of areas 

where landslides and liquefaction are possible 

in future earthquakes are available at 

www.consrv.ca.gov/cgs.

30 seconds

Looking in detail at one major earth-

quake provides insight into how to pre-

pare for the other earthquakes that may 

occur instead. Thus, appropriate uses of 

the ShakeOut Scenario include:

C Urban planning;
C Emergency response training;
C School, business, and public earthquake 

drills;
C Prioritization of preparedness efforts;
C Understanding potential impacts on financial 

and social systems; and
C Identifying possible vulnerabilities of infra-

structure, especially due to interactions 
among systems that are usually considered 
separately.

When a major earthquake does occur, it 

may be on a different fault, or create a 

different pattern of ground shaking and 

damage. Thus, inappropriate uses of 

the ShakeOut Scenario include:

C Deciding where to live or work;
C Concluding you don’t have an earthquake       

problem;
C Changing building codes; or

C Evaluating cost-effectiveness of mitigation.

How to Use the ShakeOut Scenario 
The Scenario describes a what if earthquake, not a prediction. More than 300 experts 

from research, government, and private industry, led by the U.S. Geological Survey, 

collaborated to identify the physical, social and economic consequences of one 

plausible earthquake on the San Andreas fault. The full report is available at 

urbanearth.usgs.gov/scenario08. While this particular earthquake may never occur, 

that doesn’t limit the value of the study.

60 seconds 90 seconds 120 seconds 150 seconds 180 seconds 210 seconds 240 seconds
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Why should I care?

RECOVERING FROM A BIG ONE

The Shakeout Scenario evaluated all aspects 

of the major earthquake described on the 

previous page to estimate damages to 

buildings and infrastructure. From these 

estimates all other aspects of the study 

emerged, including emergency response in 

the critical first week after the earthquake, 

casualties, mental health and sheltering needs, 

and the impacts on different sectors of the 

region’s diverse economy.

The study estimates that should it occur, this 

earthquake will cause some 1,800 deaths and 

53,000 injuries. Yet this terrible tragedy could 

be considerably worse. By comparison, the 

similarly sized, 2008 Sichuan, China earth-

quake may have caused 100,000 fatalities

The ShakeOut Scenario’s casualty numbers 

are a testament to decades of life safety 

improvements in California’s building codes, 

which have evolved as understanding has 

grown regarding building performance in 

earthquakes. The intent of the building codes 

is to protect people during an earthquake, not 

to keep buildings functional after the quake. 

Nor do the building codes fix existing build-

ings that are now recognized to do poorly in 

earthquakes—it takes retrofitting to do that. 

Thousands of older buildings will collapse in 

the ShakeOut earthquake, and another 45,000 

will be complete economic losses. 

Earthquakes start fires in numerous ways, and 

earthquake damages to phones, roads, and 

buildings enable fires to spread before help 

can arrive. In areas where there is strong 

shaking to start fires, and tightly spaced wood 

buildings that allow fire to spread, the fires 

will grow into conflagrations, burning tens to 

hundreds of blocks. Without fires, the 

ShakeOut earthquake’s casualty and loss 

numbers would be halved.

This earthquake’s economic losses total $213 

billion, due to shaking damage and several 

other factors. Because fire damage is so com-

plete, the fires have the worst impact on the 

costs of replacing buildings and contents. 

However, disruption of utilities is the main 

reason that it will take a long time for busi-

ness to get back to normal. 

One important result of the ShakeOut 

Scenario study is that the key to recovery lies 

with infrastructure: the essential facilities like 

roads, hospitals and dams; and the lifelines 

that supply water, power, gas, and communi-

cation. The more damage there is to infra-

structure, the slower the recovery.

1 The ShakeOut earthquake will cause many shocks to southern California’s regional economy. Under-
standing and comparing the impact of these shocks is important to recovery planning. When considering the 
cost of replacing lost buildings, building contents, and infrastructure, fire creates the biggest shock to the 
economic system, bigger than shaking, fault rupture, landslides, and liquefaction combined. This makes sense, 
because fire can destroy so completely. However, when considering the length of time that normal business 
will be interrupted, disruption of utility service creates the biggest shock. This makes sense, because few 
businesses can function without water or power.

Replacement Costs
n  Shaking Damage to Buildings and Contents
n  Fire Damage to Buildings and Contents
n  Highway Damage
n  Pipeline Damage

Business Interruption
n  Shaking Damage 
n  Fire Damage
n  Transportation Disruption
n  Utilities Disruption
n  Ports Disruption

Power will go out immediately, everywhere, and restoration times vary. In 
the most heavily damaged areas, electricity will remain out for weeks or 
longer. Some residences will suffer broken gas lines when their houses slip 
from unbolted foundations. 

Water will stop flowing in many taps for weeks or months. In many 
communities, strong ground shaking will break old, brittle water pipes and 
connectors, and there will be so many breaks that it will prove cheaper and 
faster to replace the entire conveyance system, rather than hunt and repair 
every break. The process will be neither cheap nor fast, and communities 
will compete for repair priority. 

Many wastewater pipes are also old and brittle, and run alongside 
water pipes under the streets. Broken sewer pipes will contaminate broken 
water pipes, and in some places, tap water will be unsafe to drink for as 
long as a year.

Telecommunications will be out for at least a day, because of some 
damage and much overuse. Phone systems will be oversaturated because 
millions are trying to make calls at once. How cell phone towers are affixed to 
buildings is not regulated, so towers will be damaged by shaking. Two thirds 
of the region’s internet lines will be ruptured by the fault.

Transportation by road and rail will be disrupted by fault rupture and 
landslides, and take months to repair. Retrofitting of state highway bridges 
prevents their collapse, but not those under most local jurisdictions. For 
months, getting around the southland will take longer, and travel time delays 
add more than $4 billion to economic losses. 

Hospitals in the hardest hit counties of Riverside, San Bernardino, and Los 
Angeles will be operating at reduced functionality. At a time when thousands 
of disaster victims need hospital care, some hospital buildings will be closed 
by structural damage; many others will be unusable because of non-structural 
damage such as broken water pipes and unsecured equipment.

Public schools—grades K-12 and community colleges—are protected 
by the Field Act, legislation that sets special construction and inspection stan-
dards. Structurally, public schools will hold up well, although non-structural 
and contents damage will pose problems. Private schools and universities 
are not protected by the Field Act and some will suffer both structural and 
non-structural damage.

The Ports of Los Angeles and Long Beach are important contributors to the 
region’s economy. They will not suffer much damage from this far-away earth-
quake, but their flow of goods will be disrupted for months, as many principal 
train routes and truck routes are damaged by fault rupture.

Lifelines and Facilities — The Key to Recovery

“BEACHFRONT PROPERTY 
IN ARIZONA”

The idea of California falling 
into the ocean has had an 
enduring appeal to those 
envious of life in the Golden 
State. Of course, the ocean 
is not a great hole into which 
California can fall, but it is 
itself land at a somewhat 
lower elevation with water 
above it. The motion of plates 
will not make California sink 
— western California is mov-
ing horizontally along the San 
Andreas fault and up around 
the Transverse ranges.
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1 To bounce back quickly from a disaster, 
communities need to become resilient. 
Community resilience depends on how many 
individuals, businesses, schools, agencies, 
and organizations are prepared. It is a lot like 
voting, where personal decisions and actions 
can affect everyone:  an individual learns 
about the issues (learns about the earthquake 
impacts and mitigation strategies), decides how 
to vote (decides which mitigation efforts will 
best protect loved ones and financial security), 
then casts a ballot (takes action to increase 
preparedness). If enough people vote the same 
way (get prepared), they will have a winning 
platform (they will have a resilient community)!
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What should I do?

#7
      WHEN SAFE, CONTINUE 
      TO FOLLOW YOUR
      DISASTER PREPAREDNESS
      PLAN.

Once you have met your and your family’s 

immediate needs after an earthquake, continue 

to follow the plan you prepared in advance 

(see Step 2, page 16). Aftershocks will continue 

to happen for several weeks after major earth-

quakes. Some may be large enough to cause 

additional damage. Always be ready to drop, 

cover, and hold on.

Your recovery period can take several weeks 

to months or longer. Take the actions listed 

below to be safe and to minimize the long-

term effects of the earthquake on your life.

The first days after the earthquake…

Use the information you put together in your 

disaster plan and the supplies you organized 

in your disaster kits. Until you are sure there 

are no gas leaks, do not use open flames 

(lighters, matches, candles, or grills) or oper-

ate any electrical or mechanical device that 

can create a spark (light switches, generators, 

motor vehicles, etc.). Never use the following 

indoors: camp stoves, gas lanterns or heaters, 

gas or charcoal grills, or gas generators. These 

can release deadly carbon monoxide or be a 

fire hazard in aftershocks.

Be in communication

• Turn on your portable or car radio for infor-

mation and safety advisories.

• Place all phones back on their cradles.

• Call your out-of-area contact, tell them your 

status, then stay off the phone. Emergency 

responders need to use the phone lines for 

life-saving communications.

• Check on the condition of your neighbors.

Food and water

• If power is off, plan meals to use up refrig-

erated and frozen foods first. If you keep 

the door closed, food in your freezer may 

be good for a couple of days.

• Listen to your radio for safety advisories. 

• If your water is off or unsafe, you can drink 

from water heaters, melted ice cubes, or 

canned vegetables. Avoid drinking water 

from swimming pools or spas.

• Do not eat or drink anything from open 

containers that are near shattered glass.

The first weeks after the earthquake…

This is a time of transition. Although after-

shocks may continue, you will now work 

toward getting your life, your home and 

family, and your routines back in order. 

Emotional care and recovery are just as 

important as healing physical injuries and 

rebuilding a home. Make sure your home is 

safe to occupy and not in danger of collapse 

in aftershocks. If you were able to remain in 

your home or return to it after a few days, you 

will have a variety of tasks to accomplish:

• If your gas was turned off, you will need to 

arrange for the gas company to turn it back 

on.

• If the electricity went off and then came 

back on, check your appliances and elec-

tronic equipment for damage. 

• If water lines broke, look for water damage. 

• Locate and/or replace critical documents 

that may have been misplaced, damaged, 

or destroyed. 

• Contact your insurance agent or company 

right away to begin your claims process. 

• Contact the Federal Emergency 

Management Agency (FEMA) to find out 

about financial assistance by visiting 

www.fema.gov/about/process/.

If you cannot stay in your home…

If your home is structurally unsafe or threat-

ened by a fire or other hazard, you need to 

evacuate. However, shelters may be over-

crowded and initially lack basic services, so 

do not leave home just because utilities are 

out of service or your home and its contents 

have suffered moderate damage.

If you evacuate, tell a neighbor and your 

out-of-area contact where you are going. As 

soon as possible, set up an alternative mailing 

address with the post office. Take the follow-

ing, if possible, when you evacuate:

• Personal disaster supplies kits 

• Medications and eyewear 

• Supply of water, food, and snacks 

• Blanket/pillow/air mattress or sleeping pad 

• Change of clothing and a jacket 

• Towel and washcloth 

• Diapers, food, and other supplies for infants 

• A few family pictures or other comfort 

items 

• Personal identification and copies of house-

hold and health insurance information.

Do not take to a shelter:

• Pets (Service animals for people with 

disabilities are allowed; take food for them. 

Have a plan for your pets in advance.) 

• Large quantities of unnecessary clothing 

or other personal items 

• Valuables that might be lost, stolen, or take 

up needed space

Once a Presidential Declaration has been 

issued, FEMA may activate the Individuals 

and Households Program (www.fema.gov/

about/process/). This program includes:

• Home-repair cash grants; the maximum 

Federal grant available (as of 2005) is 

$26,200 

• Housing Assistance in the form of reim-

bursement for short-term lodging at a hotel 

• Rental assistance for as long as 18 months 

in the form of cash payment 

• If no other housing is available, FEMA may 

provide mobile homes or other temporary 

housing

Once you have recovered from the earthquake, go back to 
Step 1 and do the things you did not do before, or do them 
more thoroughly. Learn from what happened during the 
earthquake so you will be safer and recover more quickly 
next time.

Step 1
Identify and fix hazards 
in your home.

Step 2
Create a disaster-
preparedness plan.

Step 3
Prepare disaster 
supplies kits.
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Step 4
Identify and fix 
your building’s 
weaknesses.

Step 5
Drop, cover, 
and hold on.

Step 6
Check for injuries 
and damage.

Step 7
When safe, 
continue to 
follow your 
disaster plan.

step 7  after the earthquake

1 Sleeping bags and flashlights may 
be quite handy in the days or weeks 
after a major earthquake.
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What should I know?

How do we study faults?
Surface features that have been broken and 

offset by the movement of faults are used to 

determine how fast the faults move and thus 

how often earthquakes are likely to occur. For 

example, a streambed that crosses the San 

Andreas fault near Los Angeles is now offset 83 

meters (91 yards) from its original course. The 

sediments in the abandoned streambed are 

about 2,500 years old. If we assume movement 

on the San Andreas has cut off that streambed 

within the last 2,500 years, then the average 

slip rate on the fault is 33 millimeters (1.3 

inches) per year. This does not mean the 

fault slips 33 millimeters each year. Rather, it 

stores up 33 millimeters of slip each year to 

be released in infrequent earthquakes. The 

last earthquake offset the streambed another 

5 meters (16 feet). If we assume that all earth-

quakes have 5 meters (5000 millimeters) of slip, 

we will have earthquakes on average every 150 

years: 5000 millimeters divided by 33 millimeters 

per year equals 150 years. This does not mean 

the earthquakes will be exactly 150 years apart. 

While the San Andreas fault has averaged 

150 years between events, earthquakes have 

occurred as few as 45 years and as many as 

300 years apart. 

EARTHQUAKES AND FAULTS

What is an earthquake?

An earthquake is caused by a sudden slip on 

a fault, much like what happens when you 

snap your fingers. Before the snap, you push 

your fingers together and sideways. Because 

you are pushing them together, friction keeps 

them from moving to the side. When you push 

sideways hard enough to overcome this fric-

tion, your fingers move suddenly, releasing 

energy in the form of sound waves that set the 

air vibrating and travel from your hand to your 

ear, where you hear the snap.

The same process goes on in an earthquake. 

Stresses in the earth’s outer layer push the 

sides of the fault together. The friction across 

the surface of the fault holds the rocks together 

so they do not slip immediately when pushed 

sideways. Eventually enough stress builds up 

and the rocks slip suddenly, releasing energy 

in waves that travel through the rock to cause 

the shaking that we feel during an earthquake.

Just as you snap your fingers with the whole 

area of your fingertip and thumb, earthquakes 

happen over an area of the fault, called the 

rupture surface. However, unlike your fingers, 

the whole fault plane does not slip at once. 

The rupture begins at a point on the fault plane 

called the hypocenter, a point usually deep 

down on the fault. The epicenter is the point 

on the surface directly above the hypocenter. 

The rupture keeps spreading until something 

stops it (exactly how this happens is a hot 

research topic in seismology).

Aftershocks

Part of living with earthquakes is living with 

aftershocks. Earthquakes come in clusters. 

In any earthquake cluster, the largest one is 

called the mainshock; anything before it is a 

foreshock, and anything after it is an after-

shock.

Aftershocks are earthquakes that usually 

occur near the mainshock. The stress on the 

mainshock’s fault changes during the main-

shock and most of the aftershocks occur on 

the same fault. Sometimes the change in 

stress is great enough to trigger aftershocks on 

nearby faults as well.

An earthquake large enough to cause damage 

will probably produce several felt aftershocks 

within the first hour. The rate of aftershocks 

dies off quickly. The day after the mainshock 

has about half the aftershocks of the first day. 

Ten days after the mainshock there are only 

a tenth the number of aftershocks. An earth-

quake will be called an aftershock as long as 

the rate of earthquakes is higher than it was 

before the mainshock. For big earthquakes, 

this might go on for decades.

Bigger earthquakes have more and larger 

aftershocks. The bigger the mainshock, the 

bigger the largest aftershock, on average, 

though there are many more small aftershocks 

than large ones. Also, just as smaller earth-

quakes can continue to occur for many years 

after a mainshock, there is still a chance for a 

large aftershock long after an earthquake.

Foreshocks

Sometimes what we think is a mainshock is 

followed by a larger earthquake. Then the 

original earthquake is considered a foreshock. 

The chance of this happening dies off quickly 

with time just like aftershocks. After three 

days the risk is almost gone.

Sometimes, the chance that an event is a fore-

shock seems higher than average — usually 

because of its proximity to a major fault. The 

Governor’s Office of Emergency Services will 

then issue an advisory based on scientists’ 

recommendations. These are the only officially 

recognized short-term “predictions.”

What is a fault?

Earthquakes occur on faults. A fault is a thin 

zone of crushed rock separating blocks of the 

earth’s crust. When an earthquake occurs on 

one of these faults, the rock on one side of 

the fault slips with respect to the other. Faults 

can be centimeters to thousands of kilometers 

long. The fault surface can be vertical, hori-

zontal, or at some angle to the surface of the 

earth. Faults can extend deep into the earth 

and may or may not extend up to the earth’s 

surface.

How do we know a fault exists?

• Past fault movement has brought together 

rocks that used to be farther apart;

• Earthquakes on the fault have left surface 

evidence, such as surface ruptures or fault 

scarps (cliffs made by earthquakes);

• Earthquakes recorded by seismographic 

networks are mapped and indicate the 

location of a fault.

Some faults have not shown these signs and 

we will not know they are there until they 

produce a large earthquake. Several damaging 

earthquakes in California have occurred on 

faults that were previously unknown.

E A R T H Q U A K E  B A S I C S

Epicenter, hypocenter, aftershock, foreshock, fault, 
fault plane, seismograph, P-waves, magnitude, inten-
sity, peak acceleration, amplification...

We hear them. After big earthquakes, we say them. 
But what do these terms mean? What do they mean 
for what we felt and what we will feel the next time? 
Do we really understand what seismologists are 
saying?

This section describes how earthquakes happen 
and how they are measured. It also explains why the 
same earthquake can shake one area differently than 
another area. It finishes with information we expect 
to learn after future earthquakes.

.

hypocenter

How do we know it’s an aftershock?

mainshock occurs

Year

these are aftershocks
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Carrizo Plain National Monument along 
the San Andreas fault

T H E  R E S O U R C E  M I N E :  To learn more see the web resources listed on page 32.
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What should I know?

LOCATING AND 
MEASURING EARTHQUAKES

Where and when was the earthquake?

Earthquakes are recorded by a seismic net-

work. Each seismic station in the network 

measures the movement of the ground at that 

site. In an earthquake, the slip of a block of 

rock over another releases energy that makes 

the ground vibrate. That vibration pushes 

the adjoining piece of ground, causing it to 

vibrate, and thus the energy travels out from 

the earthquake in a wave. As the wave passes 

by a seismic station, that piece of ground 

vibrates and this vibration is recorded.

Earthquakes produce two main types of waves 

— the P-wave (a compressional wave), and 

the S-wave (a shear wave). The S-wave is 

slower but larger than the P-wave and does 

most of the damage. Scientists have used 

knowledge of the differences between these 

and other seismic waves to learn a great deal 

about the interior of the earth.

Knowing how fast seismic waves travel 

through the earth, seismologists can calculate 

the time when the earthquake occurred and 

its location by comparing the times when 

shaking was recorded at several stations. This 

process used to take almost an hour when 

done manually. 

Now computers determine this information 

automatically within minutes. Within a few 

more hours the shape and location of the 

entire portion of the fault that moved can be 

calculated.

We name earthquakes after map locations 

near epicenters to have a convenient way to 

refer to them, but this can be misleading. 

We define the epicenter of an earthquake 

with the latitude and longitude of a point, but 

the earthquake is bigger than that point. The 

fault’s rupture surface can be hundreds of 

kilometers long and several kilometers wide, 

and even the epicenter can only be determined 

within a few tenths of a kilometer. Therefore, 

giving the location of an earthquake in terms 

of city streets is like giving the location of 

your city by the address of City Hall. 

How big was the earthquake?

Why do scientists have problems coming up 

with a simple answer to this simple question? 

Many people have felt this frustration after 

earthquakes, as seismologists often seem to 

contradict one another. In fact, earthquakes 

are very complex. Measuring their size is 

something like trying to determine the “size” 

of an abstract modern sculpture with only one 

use of a tape measure. Which dimension do 

you measure?

Magnitude is the most common way of 

describing an earthquake’s size. In the 1930s, 

Beno Gutenberg and Charles Richter at the 

California Institute of Technology developed 

a method to describe all sizes of earthquakes 

using a small range of numbers. Using record-

ings from seismographs, they measured how 

fast the ground moved at a set distance from 

earthquakes. If the maximum acceleration of 

the ground in one earthquake is 10 times the 

maximum acceleration in another earthquake, 

then the first earthquake is said to be one 

unit of magnitude larger than the second. The 

Richter Scale, as it became known, is not a 

device, but the range of numbers used to 

compare earthquakes.

Seismologists have since developed a new 

measurement of earthquake size, called 

moment magnitude. Moment is a physical 

quantity more closely related to the total 

energy released in the earthquake than Richter 

magnitude. It can be estimated by geologists 

examining the geometry of a fault in the field 

or by seismologists analyzing a seismogram. 

Because the units of moment are very large, it 

has been converted to the more familiar range 

of magnitude values for communication to 

the public.

Moment magnitude has many advantages over 

other magnitude scales. First, all earthquakes 

can be compared on the same scale. (Richter 

magnitude is only precise for earthquakes of a 

certain size and distance from a seismometer.) 

Second, because it can be determined either 

instrumentally or from geology, it can be 

used to measure old earthquakes and compare 

them to instrumentally recorded earthquakes. 

Third, by estimating how large a section of 

fault will likely move in the future, the magni-

tude of that earthquake can be calculated 

with confidence.

A magnitude 6.0 earthquake has about 32 
times more energy than a magnitude 5.0 
and about 1,000 times more energy than a 
magnitude 4.0 earthquake. This does not 
mean there will be 1,000 times more shaking 
at your home. A bigger earthquake will last 
longer and release its energy over a much 
larger area.

A longer fault can produce a bigger earthquake that lasts a longer time.

Magnitude Date Location Rupture Length Duration
   (kilometers) (seconds) 

 
9.1  December 26, 2004 Sumatra, Indonesia   1200   500 
7.9  January 9, 1857  Fort Tejon, CA  360  130                 
7.9  May 12, 2008     Sichuan, China    300   120   
7.8  April 18, 1906  San Francisco, CA  400  110
7.3  June 28, 1992  Landers, CA  70  24
7.3  August 17, 1959  Hebgen Lake , MT  44  12
7.0  October 17, 1989  Loma Prieta, CA  40  7
7.0  October 28, 1983  Borah Peak, ID  34  9
6.8  February 28, 2001  Nisqually, WA  20  6
6.7  January 17, 1994  Northridge, CA  14  7
6.4  March 10, 1933  Long Beach, CA  15  5
5.9  October 1, 1987  Whittier Narrows, CA  6  3
5.4  July 29, 2008   Chino Hills, CA   5  1

1 The Southern California Seismic Network (SCSN) records data from more 
than 370 seismic stations. Each station records seismic waves from both near 
and distant earthquakes. All the data are transmitted automatically to Caltech/
USGS in Pasadena for processing and distribution of information such as epi-
centers, magnitudes, and ShakeMaps. The SCSN is also part of the California 
Integrated Seismic Network (CISN) that coordinates earthquake monitoring 
statewide. The symbols indicate different types of seismic stations.

“IT ’S  HOT AND DRY — 
EARTHQUAKE WEATHER!”

Many people believe that 
earthquakes are more com-
mon in certain kinds of 
weather. In fact, no correla-
tion with weather has been 
found. Earthquakes begin 
many kilometers below the 
region affected by surface 
weather. People tend to 
notice earthquakes that fit the 
pattern and forget the ones 
that don’t. Also, every region 
of the world has a story about 
earthquake weather, but the 
type of weather is whatever 
they had for their most memo-
rable earthquake.
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1 These seismograms show how the ground 
moved at four seismic stations during an earth-
quake. The time when ground starts shaking 
is the arrival of the P-wave. The ground starts 
shaking sooner and shakes more at sites nearer 
the earthquake. 
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What should I know?

EARTHQUAKE SHAKING

Magnitude is a measurement of the energy 

produced by an earthquake and is not a mea-

sure of the shaking you feel. What you feel is 

very complex — hard or gentle, long or short, 

jerky or rolling — and is not describable 

with one number. Aspects of the motion are 

described by the velocity (how fast the ground 

is moving), acceleration (how quickly the 

speed of the ground is changing), the fre-

quency (seismic waves vibrate at different 

frequencies just like sound waves), and the 

duration (how long the strong shaking lasts). 

What you feel in an earthquake is controlled 

by three main factors: magnitude, distance, 

and local soil conditions.

Magnitude

Typically you will feel more intense shaking 

from a big earthquake than from a small one. 

Bigger earthquakes also release their energy 

over a larger area and for a longer period of 

time.

An earthquake begins at a hypocenter, and 

from there the rupture front travels along the 

fault, producing waves all the time it is mov-

ing. Every point crossed by the rupture front 

gives off shaking, so longer faults produce 

bigger earthquakes that have longer durations. 

The actual durations of 15 earthquakes are 

shown on the previous page. For a magnitude 

5 event, the actual process of rupturing the 

fault is over in a few seconds, although you 

might continue to feel shaking for longer 

because some waves reach you after they 

bounce and echo within the earth.

The magnitude 7.8 earthquake on the San 

Andreas fault in 1857 ruptured almost 360 

kilometers (220 miles) of the fault. At 

3 kilometers (2 miles) per second, it took 

two minutes for that length of fault to rupture, 

so you would have felt shaking for several 

minutes. If the idea of a two-minute earth-

quake frightens you, remember that some of 

the energy will be traveling from 400 kilome-

ters (250 miles) away. In most cases, only the 

10–15 seconds of shaking that originates 

from the part of the fault nearest you will be 

very strong.

Distance

Earthquake waves diminish in intensity as 

they travel through the ground, so earthquake 

shaking is less intense farther from the fault.

Low-frequency waves diminish less rapidly 

with distance than do high-frequency waves 

(just as you can hear low-pitched noises from 

farther away than you can high-pitched 

noises). If you are near an earthquake, you 

will experience all the shaking produced 

by the earthquake and feel “jolted.” Farther 

away, the higher frequencies will have died 

away and you will feel a rolling motion.

The amount of damage to a building does not 

depend solely on how hard it is shaken. In 

general, smaller buildings such as houses are 

damaged more by higher frequencies, so 

usually houses must be relatively close to the 

hypocenter to be severely damaged. Larger 

structures such as high-rises and bridges are 

damaged more by lower frequencies and will 

be more noticeably affected by the largest 

earthquakes, even at considerable distances. 

The shaking dies off with distance more 

quickly in the western United States than 

in the older, more rigid crust of the eastern 

United States.
1994 

M6.7 Northridge 
Earthquake

1 The 2001 Nisqually (M6.8) and 1994 Northridge 
(M6.7) earthquakes shown above provide an inter-
esting example of how distance from an earthquake 
affects the level of shaking experienced. Even 
though the Nisqually earthquake was slightly larger 
than the Northridge earthquake on the magnitude 
scale, the resulting damage was far less. One 
reason is that the section of fault that moved was 
much deeper than the fault that moved in the 
Northridge earthquake. Therefore every house was 
at least 50 kilometers (30 miles) away from the fault.

2001
M6.8 Nisqually 

Earthquake

Local soil conditions

Soils can greatly amplify the shaking in an 

earthquake. Passing from rock to soil, seismic 

waves slow down but get bigger. Hence a 

soft, loose soil may shake more intensely than 

hard rock at the same distance from the same 

earthquake. An extreme example for this type 

of amplification was in the Marina district of 

San Francisco during the 1989 Loma Prieta 

earthquake. That earthquake was 100 kilo-

meters (60 miles) from San Francisco, and 

most of the Bay Area escaped serious dam-

age. However, some sites in the Bay Area on 

landfill or soft soils experienced significant 

shaking. This amplified shaking was one of 

the reasons for the collapse of the elevated 

Nimitz freeway. Ground motion at those sites 

was more that 10 times stronger than at neigh-

boring sites on rock.

The same factors also apply to areas covered 

by thick sediment — such as the Los Angeles 

basin in Southern California where sediments 

can be as much as 10 kilometers (6 miles) 

thick. Shaking from an earthquake in the 

region can be 5 or more times greater at a site 

in the basin than the level of shaking in the 

nearby mountains.

P.S.

Several other factors can affect shaking. 

Earthquake waves do not travel evenly in all 

directions from the rupture surface; the 

orientation of the fault and the direction of 

movement can change the characteristics 

of the waves in different directions. This is 

called the radiation pattern. When the earth-

quake rupture moves along the fault, it 

focuses energy in the direction it is moving so 

that a location in that direction will receive 

more shaking than a site at the same distance 

from the fault but in the opposite direction. 

This is called directivity.

Earthquake Ground-Motion Amplification in Southern California

Relative Shaking in Future Earthquakes
In these images of the Los Angeles Basin, the lowest layer 
shows the depth of sedimentary basins, and the middle layer 
shows the softness of near-surface rocks and sediments. The 
top layer is the total amplification expected in future earth-
quakes because of these features.



W
ha

t s
ho

ul
d 

I k
no

w
?

30

INFORMATION AVAILABLE
AFTER EARTHQUAKES

Experiencing an earthquake can be frighten-

ing and confusing. Knowing what just 

happened can reduce our fear and help us 

understand what to expect next. This page 

describes information that will be available 

from various organizations after an earth-

quake, and how you can also provide 

valuable information.

Recent earthquake maps

Modern seismic networks can automatically 

calculate an earthquake’s magnitude and loca-

tion within a few minutes. Local networks 

of the Advanced National Seismic System 

(ANSS) have web sites with automatically 

generated maps and lists of recent earthquakes 

in their region. 

For recent Southern California earthquakes, 

visit the Southern California Earthquake Data 

Center at www.data.scec.org

Because waves from large earthquakes travel 

throughout the world, networks both near and 

far will calculate the magnitude and location 

of an earthquake. These networks will some-

times report different magnitudes for the same 

earthquake, because of differences in seis-

mometers and techniques. This has become 

less likely as moment magnitude becomes 

more commonly used (see page 27).

Mapping the intensity of shaking

The ShakeMap and “Did You Feel It?” maps 

shown on the opposite page express the level 

of shaking experienced in terms of a range of 

intensities similar to the Modified Mercalli 

Intensity Scale. While magnitude describes 

the total energy released by the earthquake, 

intensity describes the level of shaking pro-

duced by the earthquake at a certain location. 

A single earthquake will have one magnitude 

value but will have many values for inten-

sity, usually decreasing with distance from 

the epicenter. ShakeMap uses instruments 

to measure this shaking, while “Did You 

Feel It?” uses input from people about how 

strongly they were shaken and observations of 

how much damage was caused. Both systems 

map shaking according to increasing levels of 

intensity that range from imperceptible shak-

ing to catastrophic destruction. The level of 

intensity is designated by Roman numerals.

Last Hour

Last Day

Last Week

Recent Earthquakes Map
5:30 am, January 17, 1994 (one hour after the Northridge 
earthquake).
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“Did You Feel It?” community-made 

earthquake shaking maps

Not long ago, the first thing that most people 

did after feeling an earthquake was to turn on 

their radio for information. Now many people 

are getting this information via the Internet, 

and sharing their experience of the earthquake 

online. “Did You Feel It?” is a web site devel-

oped by the USGS (and regional seismic net-

works) that allows people to share information 

about the effects of an earthquake. Visitors to 

the site enter their ZIP code and answer a list 

of questions such as “Did the earthquake wake 

you up?” and “Did objects fall off shelves?” 

These responses are converted to intensities 

for each ZIP code and within minutes a map 

is created on the Internet that is comparable to 

ShakeMaps produced from seismic data. The 

map is updated frequently as people submit 

reports. Such “Community Internet Intensity 

Maps” contribute greatly in quickly assessing 

the scope of an earthquake emergency, espe-

cially in areas lacking seismic instruments. To 

report your experience of an earthquake, visit 

earthquake.usgs.gov/eqcenter/dyfi.php.

Instrumental Intensity Map (ShakeMap)
1994 Northridge earthquake

ShakeMap

Modern seismic networks, with digital 

instruments and high-speed communications, 

have enabled seismic data to be used in new 

and innovative ways. A product of these 

new networks is ShakeMap, which shows the 

distribution of ground shaking in a region. 

This information is critical for emergency 

management. ShakeMaps are automatically 

generated and distributed on the Internet 

for most felt earthquakes (to view maps 

for Southern California earthquakes, visit 

www.cisn.org/shakemap). This information 

may save lives and speed recovery efforts.

ShakeMap was first developed for Southern 

California as part of the TriNet Project, a 

joint effort by the U.S. Geological Survey 

(USGS), California Institute of Technology 

(Caltech), and the California Geological 

Survey (CGS).

Community Internet Intensity Map (“Did You Feel It?”) 
1994 Northridge earthquake




