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USGS Science Areas
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Talk Outline
Part 1 — Earthquakes 101

Part 2

® Overview of USGS earthquake information tools
ENS, DYFI, ShakeMap, PAGER, ShakeCast

Part 3

® Overview of U.S. earthquake hazard

® Differences between western and eastern U.S.

® Review the 1811-1812 earthquake sequence
3 Mainshocks and a vigorous aftershock sequence
Widespread ground failure and liquefaction
Possible impacts to structures and houses

=2ZUSGS It's happened before 1811-1812!
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Three Types of Faults

.

Strike-Slip

Thrust

Normal
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Strike-slip Fault Example




Bigger Faults Make Bigger Earthguakes
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Bigger Earthquakes Last a Longer Time
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What Controls the Level of Shaking?

—More energy released

— Shaking decays with distance

—amplify the shaking

=USGS



h Is there such a thing as
- “Earthguake Weather” ???
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Earthquake Effects - Ground Shaking




Earthquake Effects
Ground Shaking




Earthquake Effects - Ground Shaking

e S h |

Loma Prieta, CA 1989

%USGS KGO-TV News ABC-7



Earthquake Effects - Ground Shaking

Kobe, Japan 1995
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Earthquake Effects - Surface Faulting




Earthquake Effects - Liquefaction

Source: National Geophysical Data Center

%USGS Niigata, Japan 1964



Earthquake Effects Landslldes

2USGS Turnagain Heights, Alaska, 1964 (upper left inset);
Santa Cruz Mtns, California , 1989



Earthquake Effects - Fires

Loma Prieta, CA 1989

=~ USGS KGO-TV News ABC-7
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Earthquake Magnitude
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Real-time Earthquake Information

/2 Latest Earthgquakes in the USA - Last 7 days - Windows Internet Explorer

S

USGS Home
Contact USGS
science for a changing world ¥ 4 Search USGS

Earthquake Hazards Program Home  AboutUs  Contact Us Q,

EARTHQUAKES HAZARDS PREPARE MONITORING RESEARCH

Latest Earthquakes in the USA - Last 7 days

USA earthquakes with M1+ located by USGS and Contributing Age
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US Earthquake Facts

» The largest recorded U.S. earthquake: M9.2
Prince William Sound, Alaska, on March 28, 1964.

» Alaska is the most earthquake-prone State Oakland. CA. Loma Prieta, M6.9, 1989

M7 earthquake almost every year
M8 or greater earthquake every 14 yrs

.

* In the United States, six M6 or greater and 57%-?-.;_;: ¥
M5 or greater earthquakes each year. -

» 10,000 earthquakes each year in southern F“’Ar?fi
California. Most are too small to be feltj
Several hundred are >M3.0, and about =
15-20 are >M4.0. E

Santa Cruz, CA, Loma Prieta, M6, 89 =
2~ USGS



World Earthquake Facts

* The largest recorded earthquake in the world
M9.5 in Chile on May 22, 1960.

-+ 500,000 detectable earthquakes in the world
each year. 100,000 can be felt, and 100 cause

damage. Denali Quake, M7.9, Alaska 2002

* The world's deadliest recorded earthquake
occurred in 1556 in central China killing an
estimated 830,000 people. In 1976 another
deadly earthquake in Tangshan, China, where
more than 250,000 people were killed.

=~ USGS Source: USGS National Earthquake Information Center, Golden
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Frequency of Occurrence of Earthquakes

Magnitude Average Annually

8 and higher 11

7-7.9 172

6-6.9 1342

5-5.9 13192

4-49 13,000(estimated)

3-39 130,000(estimated)

2-2.9 1,300,000(estimated) e

1 Based on observations since 1900. ¥ a2 .' ‘_H S

2 Based on observations since 1990. T AT R
Denali Quake, M7.9, Alaska 2002

Photo by Patty Craw, DGGS.

=~ USGS Source: USGS National Earthquake Information Center, Golden



USGS Earthquake Hazards Program

U.S. Department of the Interior
U.S. Geological Survey

=USGS



USGS provides rapid information on

earthquakes worldwide

Global Seismographic Network
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An Earthquake Information Timeline

(domestic earthquake)

1hr

5-10min 10-20min

Imin

Osec
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USGS Earthquake Notification System

Over
200,000
users

27 USGS Earthquake Hazards Program » Earthquake Notification Service: Customizable Alerts

a USGS |

science for a changing world

Home Earthquake Center Regional Information Learning & Education Research & Monitoring Additional Resources
Home » Earhquake Center » Earthquake Notification Service » Earthquake Notification Service: Customizable Alerts
Latest Earthquakes
USA
World

EQ Notification Service Introduction to ENS - What you need to know
Feeds & Data

This system provides automated email notification for worldwide earthquakes.
It's a free service offered by the U.S. Geological Survey.

Animations
e Manage Your Account
Historic Earthquakes Username: waldjd OR

“Top 10" Lists & Maps _ _ Register for a New Account

Significant EQs Password: eessee

Earthquake Search

EQ Summary Posters

Login See recent events processed

Scientific Data
About EQ Maps Forgot your username or password?
Did You Feel It?
Energy & Broadband Solutions
Fast Moment Tensors
Media Info
http://earthquake.usgs.gov/ens/
Seismogram Displays
ShakeMaps

If you have questions or problems, Send mail to the ENS Administrator.

About Us Contact Us Site Map Site Search
Accessibi FOIA Privacy Policies and Notices

U.S. Department of the Interior | U.S. Geological Survey FIRSTGOV -n E&J
URL: http://earthquake.usgs.qov/eqcenter/ens/index.php mREE RN~

Darma Cankfart Tnfarmarinn: Wak Taarm Taxer Prine




ENS can be customized to suit your needs

® © © < | USGS Earthquake Hazards Program | Earthquake Center | Earthquake Notification Service | Earthquake Notification Service: Customi... €O

a USGS |

science for a changing world "

806 http: //earthquake.usgs.gov - Mozilla Firefox

lick on the map to define your polygon boundary. You may have up to 50 points in

your polygon. Click '‘Done’ when finished.
Back up one point | Number of points: |7

Done

SGS ENS Map Input
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Reno Nevada
°
Sacramento
°
San Francisco
°
@ Sunnyvale
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Sainase  California Las Vegas
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Bakersfield
°
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. <
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bo- élc

Done

Map || Satellite || Hybrid |

Arizona

Glendale &8 Scolisdale

South
Wyoming
Fort Colling
2

Aurora
o

Colorado
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New Mexico
Lubbock
o
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9

Map data 2006 TeleAtlas

Learning & Education Research & Monitoring Additional Resources

Bervice » Earthquake Notification Service: Customizable Earthquake Alerts

ptification Service: Customizable Earthquake

Profiles I My Account I

ication Profiles Associated with waldjd's Account

Bgion)

Depth: 0.00 to 800.00km

Metworks:

CI,NC,NN,UU, UW AK,NM,HV AT PR,SE,US,LD,MB, WY AR
Geographic Bounds: pelygon
Day Mag: 4
Night Mag: 4.5

Day. 08:00
Begins:

Day Ends: 22:00

3038386000@vtext.com
(short)

wald@usgs.gov (long)

Address 1:
Address 2:

DELETE FROFILE | EDIT PROFILE |

Depth: 0.00 to 800.00km
Networks

CI,NC,NN,UU,UW AK NM, HV AT PR,SE,US,LD.MB, WY AR
Geographic Bounds: rectangle

South
Latitude:
North
Latitude:
East
Longitude:
West
Longitude:
Day Mag: 5.7

-90.000

90.000

180.000

-180.000

Night Mag: 6.1

Welcome waldjd!

Log Out

Recent Events Sent to

Vie
Map of Recent Events

My Email Addresses

3036386000@mmode.com
(short)

- 3036386000@vtext.com
(short})

- wald@usgs.gov (long)

Add New Email Address

Add New Profile

# Predefined Profile
B Rectangle Profile
@& Circle Profile

@ Polygon Profile

Admin Functions

Recent Events List

Recent Events Map

Admin Page




ShakeMap: A tool for rapid post-earthquake
response, coordination, and situational
———— S

California Governor Schwarzenegger
pointing to ShakeMap at his press
conference following the 2008 M5.4 Chino
Hills earthquake that hit LA.

= USGS n hrp



ShakeMaps underlie four distinct products for
situational awareness

= ShakeMap is posted to web and delivered to
emergency response centers — Overview of
shaking

= ShakeMap is pushed to subscribers; ShakeCast
software calculates predicted shaking at user-
defined facilities and generates customized alerts

= ShakeMap output flows to FEMA's HAZUS
software, which generates detailed estimates of
casualties, impacts and financial loss

» PAGER combines ShakeMap, Did You Feel It, and
population data for rapid estimate of human impact

&ZUSGS n hrp



ShakeCast

Automated
notifications to
operators of
critical facilities

ZUSGS n hrp|

oayle Maps

| Caltans ShakeCast System

San Francisco; VA Hospital
Lat; F7.753 Lon; -122.504

Facility Damage Estimates from ShakeMap
Bridges presented in the table below are sorted in order of potential damage level.

Damage Exceedance
Bridge Name Bridge No Dist-Cty-Rte-PM Level Value Ratio

Pisgah Overhead 08-SBD-040-R37.41 -
Lavic Road OC Y
Ash Hill Wash 08-SBD-040-R54.75
Ash Hill Wash
Argos Wash 08-SBD-040-R43.84

'Argos Wash 54 0737R | 08-SBD-040-R43.84 GREEN 48.8524 |0.053

‘!.



Situational awareness available in 20 minutes

= USGS

science for a changing world

Prom pt M 7.0, HAITI REGION

Origin Time: Tue 2010-01-12 21:53:10 UTC

Assessment of b A ek
ESt'mated Population Exposed to Earthquake Shaking

G IO bal e & TN 5,887k* | 7,261k | 1,049k 571k 314k 2,246k | 332k
ESTIMATED MODIFIED A
WMERCALLIINTENSITY o[-l IV V Vi Vil

Earth q u akes PERCEIVED SHAKING | Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme

Resistant none none none V. Light Light Moderate Moderate/Heavy | Heavy | V. Heavy

Version 8

Created: 1 day, 20 hours after earthquake

POTENTIAL | Structures
( ) DAMAGE
f r E;‘,‘:?;’S,*;': ot el none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy

Estimated exposure only includes population within the map area

ReS Onse a POPUIation Exposure population per ~1 sg. km from Landscan SeleCtEd c'ty Exposure
p o 0 R 1000 500 1000 5000 10000

. 75°W 74°W 13w 72°W

Rapidly estimated that 3 N
over 2 million people R, 8

bold cities appear on map (k =x1000)

were exposed 10 TR TN ey

owm W w il win
75 W Ta'W 3w T'W W

violent shaking

&ZUSGS n hrp




Newly released version of PAGER includes

fatality and economic loss estimates

Atort B ="USAID

'—'i FROM THE AMERICAN PEOPLE

b USGS Earthquake
a Shaking

science for a changing world

M 8.8, OFFSHORE MAULE, CHILE HNSSJ’“’W PAGER
Origin Time: Sat 2010-02-27 06:34:14 UTC (02:34:14 local) i
Location: 35.85°S 72.72°W Depth: 35 km Version 3
FOR TSUNAMI INFORMATION, SEE: tsunami.noaa.gov Created: 3 hours, 10 minutes after earthquake
Estimated Fatalities Red alert level for economic losses. Extensive ~ Egtimated Economic Losses

damage is probable and the disaster is likely
widespread. Estimated economic losses are
3-20% GDP of Chile. Past events with this alert
level have required a national or international
level response.

Orange alert level for shaking-related fatalities.
Significant casualties are likely.

10,000
10 1,000 100,000 10 1,000 100,000

1 10,000

Fat. alities UsD (Millions)

Estimated Population Exposed to Earthquake Shaking

B TGRE o | - --* | 487k* | 2,147k* | 3,657k 6,405k 3,083k 0 0
ESTIMATED MODIFIED -
MERCALLI INTENSITY I " I" Iv V VI V" v
PERCEIVED SHAKING Not felt | Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme
POTENTIAL S'}fgé?mg; none none none V. Light Light Moderate Moderate/Heavy | Heavy V. Heavy
DAMAGE gt’:ﬂg{:ﬂ: none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V.Heavy

*Estimated exposure only includes population within the map area.

e R Vil Constucon :




Putting Down Roots in Earthquake Country
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Putting Down Roots in Earthquake Country
Your Handbook for the San Francisco Bay Region

Edicion Primavera 2006

Association of

Putting Down Roots in
Earthquake Country

Your Handbauk fur Earthquakes in Utj,h

The Central Umted States Is i
Earthqua e éountry

This handbook provides information sbout the threat
O W V a I a e posed by earthquakes in the Central United States, particulark along
LI | the New Madrid seismic zne, and explains how you can prepare for,
survive, amd recover from these inevitaife svents. i you live or work
. rou should be
i expect during and after
Unhvash and what you need to do beforehand fo be ssfe snd

| Putting Down ===
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http://ussc.utah.gov/index.html
http://ussc.utah.gov/index.html

The Great
Central U.S.

ut

Be a Part of the ShakeQut

Register Now!

Log in

Resources

News and Events
Media Center
Partners

Contact Us

Walcome to the Great Central U.8. ShakeOut!

Register now for the 2011 ShakeOut on
April 28 at 10:15 a.m.I*

Participate in the Great Central U.S. ShakeOut

to practice how to protect yourself during
earthguakes, and o get prepared.

Leam how to participate below.
*Indiana will ShakeOut on Apnl 19. Also, you

can hold your drill af another time or day if best
for your scheduie.

Time to 2011 ShakeOut:
3 months, 7 days 21:35:48

The Great Central U.S. ShakeOut
Is a linked event to NLE 2011

Who is Participating?

ShakeOut Resources: ShakeOut
Drill Manuals, flyers, movies, and
much more

Why Drop, Cover, and Hold On?

How to plan your drill and get prepared:

| Sefect your categaory...

= || Over 320,000

Earthquake hazards In your state:

[ select your state... |4

FAQ: Frequently Asked Questions

http://www.shakeout.org/centra

Participants and Counting!

Click the map for detalls
about each state

ARE YOU READY?

o e ZUSGS

scheace lor o Changiog work!




USGS Earthquake Hazards Program

U.S. Department of the Interior
U.S. Geological Survey

=USGS
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science for a changing world

“The Central U.S. Is Earthquake
Country (and/it’s not just the

. New/Madridiseismic, zone)

Rob Williams
U.S. Geological Survey
Golden, CO

July 12, 2011




Talk Outline
Part 3

® Overview of U.S. earthquake hazard
® Differences between western and eastern U.S.

® Review the 1811-1812 earthquake seguence

3 Mainshocks and a vigorous aftershock sequence
Widespread ground failure and liquefaction

What the faulting may look like at the ground surface
Possible impacts to structures and houses

It’s happened before 1811-1812!

= USGS



Eye Witness Account: Mississippl River

.r\/ \'

fade

. “Lamel cut the rope that tied us to a log that
" was there, and in a moment so great a wave
came up the river that | never seen one like the
sea. It carried us back north, up-stream, for
more than a mile, and the water spread out
upon the banks, even covering maybe three or
four miles inland. It was the current going

,rf}; . backward...”

d Account of sailor Firmin La Roche on the Mississippi

River near New Madrid, MO., December 16, 1811.

afier Stovar gid G

Shaking Notfel Weak | Light | Moderale Strong | Very strong)  Severe | Violent | Extreme
PEAK VEL (cmis 0.14.1
=2 USGS ll;

Modified Mercalli Intensities interpreted from written accounts. Stover and Coffman (1993) USGS PP 1527

‘?ﬁu v [13935)



Eye Witness Account: Wash. DC — James Madison

il

. 04,-\

8 B

=

levland SOOI | The re-iteration of earthquakes continues the
%h ' ~ uproar from certain quarters. They have
~ slightly reached the state of N. Y. and been
severely felt W, & S. Westwardly. There was
one here this morning at 5 or 6 minutes after
40°C -. It was rather stronger than any

/ preceding one, & lasted several minutes, with
SRR sensible tho very slight repetitions throughout

R/ the succeeding hour.”

R Uscimarnile

James Madisbﬁ, 4th U.S. President, in a February 7, 1812
letter to Thomas Jefferson (The James Madison Papers,
Library of Congress, Washington D.C).

qfer Stovar tid Coffiman (1393)

Shaking | Wea Light | Moderate Strong | Very strong Severe Violent | Extreme
Damage none none none | Verylight| Light Maoderate MDderale!Heav Heavy |V9WH98W

ZUSGS Birfannninasam e

Modified Mercalli Intensmes interpreted from written accounts. Stover and Coffman (1993) USGS PP 1527



Earthquakes are a national hazard

_ ) _ Highest hazard
USGS National Seismic Hazard Map

A M5.1,
p I~

,Ef Lowest hazard

o i 2ZUSGS

Standards and Technology science for a changing world

national hazards reduction program



Most earthquakes occur along plate boundaries
but not all of them!

i
L
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US, 1977-199
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http://ussc.utah.gov/index.html

Central US earthquakes are widely felt

USGS Community Internat Intensity Map (5 miles NNE of Alum Rock, CA) USGS Community Internet Intensity Map (21 miles SW of Vincennes, Indiana)
ID:4 0204628 20:04:55 POT OCT 30 2007 Mag=54 Lattude=N37.43 Longitude=W121.78 ID:2006gza6 D4:36:568 COT APR 18 2006 Mag=5.2 Lattude=N35 4& Longituda=W&T 83

42°N [\ _
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[Map last updated on Tus Apr 22 14:30:03 2008] [Map last updated on Tue Apr 22 07:39:19 2008]
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In the central & eastern U.S., earthquakes

affect much larger areas than in the west

r\j‘“——_

M~ T 1% ’
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M7.7 1811 ( 0y =
'. M7.8 1906 New Madrid T4 ﬂ '

Ta N

w4 California
s W,
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Area within Intensity VII \‘w ,."I

Mew Madnd = 208,000 square miles

San Francisco = only 12,000 square miles!
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During the winter of 1811-1812,
three magnitude-7 or greater earthquakes
struck the New Madrid region along with
thousands of aftershocks.

TENNESSE

= -....'.. = . = I' =

Hintsville :
.'® Florence 2.
f ; ™




Aftershocks are Earthquakes! — New Zealand example

\/

s 787 earthquakes >M3.0 as of October 4, 2010

’0

» 11 aftershocks >M5.0 (largest at M5.6, 20 min after mainshock)
M5.1 aftershock occurred Jan 20, 2011
* M4.9 on Dec 26, 2010, 6-10 miles from Christchurch, caused

L)

L)

additional damage, knocking out power, and breaking

sprinkler pipes — 7000 new damage claims

(J

L)

* Normal aftershock sequence for New Zealand (GeoNet)

L)

L)

» Aftershock zone grew to about twice the length

L)

of the surface rupture

&= USGS

eSlide provided by Hugh Cowan - EQC



Riverbanks caved (through liguefaction and lateral spreading)

Today bank fallures along rivers could

 affect ports and bridges and impede
navigation, especially of smaller
Riverbanks Falling In—Mnst:nS(f:;:“r . rlve rs

Courtesy of the State Historica
Columbia, Mo.

Levee failures along Mississippi River
could lead to widespread flooding at

= USGS n hrp time of event or later



Riverbanks caved — Sept 2010 New Zealand
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Lateral Spreading, Kalapoi, New Zealand
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Lower Styx Road in Brooklands , east of Kaiapoi. Photo - Hannelie Bergmann






Waste water system failures required‘ hundreds
(thousands?) of Port-a-Loos — Christchurch, New
Zealand

=~ USGS Bexley, NZ



Vast tracts of land sank and were uplifted

Reelfoot Lake

Movement of the Reelfoot
fault in the Feb. 1812
earthquake produced
waterfalls on the Mississippi
River

Today, uplift and subsidence of
large tracts of land could alter
river courses and drainage

2 USGS ditches



La ndslldes occurred aII along the bluffs

Paducah

- Popular Bluff

#

Blytheville

Jonesboro

Today, slope failures along
Chickasaw Bluffs could impact '
roads and major highways Ll
crossing the region > . |
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Sand blows erupted on floodplains ...

~From FuIIer., 1912, U.S. Geol. Surv. P! 104 == : :-
Widespread and severe liguefaction—

leading to loss of bearing strength of soils
- | and lateral spreading—could cause
Z USGS n hrp failures of foundations (bridge, building
Py, 1 and tank), pipelines, and roads



Liguefaction and sand blow formation

= During earthquake,
water-saturated sand Is
shaken.

= |f shaking Is strong and
lasts long enough, pore-

~ water pressure builds up, Silt and Clay Layers
sand_[o_ses its strength |

; r-r =..:and acts like a liquid.

AﬁrE’ssurlzed slurry of
water and sand erupts to (sand dike)
the surface, forming

sand blows. A

Liquefied Sand

g USGS n hrp Earthquake Waves

E— (after SIms and Garvin)




Liquefaction and Lateral Spread

Kentucky

F 4

¥ Biytheville
Jonesboro

Jackson

Arkansas

Explanation
\ | Landslide Areas
‘Memphis §— r—
| Earthquake Sunk Lands
(Obermeier, 1989)

co T e | |
Mh?\:‘SS'Dp: .=+ Sandblow Areas (Obermeier, 7) |




i Surface Faulting

s Up to 4 meters of
. g horizontal slip and
e o §  Imeter of vertical
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*GNS photo taken on about Sept 4, 2010 or perhaps Sept 5, 201(



Building Impacts

Bhiee! || Main Street, USA

Christchurch. NZ

= USGS
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~ Before Building Impacts
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Christchurch, NZ — § itk BH-

= USGS




Christchurch NZ magnitude-6.1 earthquake
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Likely New Madrid region ground failures and impacts

= Slope failures along Chickasaw Bluffs could impact roads and
major highways crossing the region

= Bank failures along rivers could affect ports and bridges and
Impede navigation especially of smaller rivers

= Levee failures along Mississippi River could lead to
widespread flooding at time of event or later

= Widespread and severe liquefaction—leading to loss of
bearing strength of soils and lateral spreading—could cause
failures of foundations (bridge, building and tank), pipelines,
roads, cell-phone towers, power lines.

= Uplift, faulting and subsidence of large tracts of land could
alter rivers courses and drainage ditches

* Repeated large earthquakes and aftershocks could cause
additional ground failures and damage to weakened structures

= USGS n hrp



From geologic studies we now know

= New Madrid Seismic Zone produced large quakes
in 1811-12, ~1450 AD, ~900 AD, and ~2350 BC

= The average time between these events is about
500 years at least during past 1200 years

= The prehistoric earthquakes were similar in size to
the 1811-1812 earthquakes

= Each New Madrid event was a sequence of
earthquakes, including multiple very large
mainshocks, much like the 1811-1812 sequence

&USGS n hrp



Summary of the hazard

= Currently producing earthquakes; most active zone in
eastern North America over the last 40 years

= \We cannot predict earthquakes; but it is reasonable and
prudent to expect NMSZ to behave as it has in recent past

= A magnitude-7+ earthquake is a low-probabillity, high-
consequence event; a magnitude-6.0+ earthquake has
higher probability and also can cause significant damage

" Broad agreement in earth science community that NMSZ
continues to pose a significant and ongoing hazard

&USGS n hrp



Probabilities of large earthquakes in the

New Madrid region in the next 50 years




Sources of additional information

U.S. Geological Survey:

Near real-time and background information on earthquakes & hazards
http://earthquake.usgs.gov

New Madrid bicentennial web site:

http://newmadrid2011.org

National Earthquake Hazards Reduction Program:
http://www.nehrp .gov

rawilliams@usgs.gov
303-273-8636

= USGS n hrp
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