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% USGS Earthquake

Shaking
science for a changing world

M 5.1, 1.7 km (1.0 mi) SSE of La Habra, CA
Origin Time: Sat 2014-03-29 04:09:42 UTC (21:09:42 local)
Location: 33.92°N 117.94°W Depth: 7 km
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PAGER
Version 8

rs after earthquake

Yellow alert level for economic losses. Some
damage is possible and the impact should be
relatively localized. Estimated economic losses
are less than 1% of GDP of the United States.
Past events with this alert level have required a
local or regional level response.

Estimated Fatalities

1,
Fatalities

76%

24%

O

Green alert level for shaking-related fatalities.
There is a low likelihood of casualties.
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Estimated Population Exposed to Earthquake Shaking
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ESTIMATED POPULATION o
EXPOSURE (k = x1000) 9,013k | 5,832k | 2,601k 927k 38k 0 0
ESTIMATED MODIFIED 3
MERCALLI INTENSITY I " "I Iv V VI V"
PERCEIVED SHAKING Not felt [ Weak | Light |Moderate| Strong | Very Strong Severe Violent | Extreme
POTENTIAL sﬁ?ﬁgﬁgts none none none V. Light Light Moderate Moderate/Heavy Heavy V. Heavy
DAMAGE Vulnerable none none none Light Moderate | Moderate/Heavy Heavy V. Heavy | V. Heavy
Structures
*Estimated exposure only includes population within the map area.
Po pu lation EXpOS ure population per ~1 sq. km from Landscan  Structures:

Overall, the population in this region resides
in structures that are highly resistant to
earthquake shaking, though some vulnerable
structures exist.

Historical Earthquakes (with MMI levels):

Date Dist. Mag. Max  Shaking
(UTC) (km) MMI(#) Deaths
2005-06-16 80 4.9  VI(63K) 0
2003-12-22 343 6.6 @ VII(213) 2
1994-01-17 65 6.7 [NESIRN 33

Recent earthquakes in this area have caused
secondary hazards such as landslides and
liquefaction that might have contributed to
losses.

Selected City Exposure

from GeoNames.org

MMI City Population

VIl Brea 39K

VI La Habra Heights 5K

VI La Habra 60K

VI Fullerton 135K

VI Placentia 51K

VI Rowland Heights 49K

VI Anaheim 336k

V Santa Ana 325K

IV Long Beach 462K

IV Riverside 304k

IV Los Angeles 3,793k

PAGER content is automatica!ly gengrated, and only considers losses due to s_tructural damage. bold cities appear on map (k = x1000)
Limitations of input data, shaking estimates, and loss models may add uncertainty. i

http://earthquake.usgs.gov/pager Event ID: ci15481673



CISN/sc ShakeMap : 1.7 km (1.0 mi) SSE of La Habra, CA
MAR 29 2014 04:09:42 AMGMT M5.1 N33.92W117.94 Depth: 7.5km ID:15481673

34"

33.5°

-119° -118° -17"

Map Version 8 Processed Mon Mar 31,2014 11:50:51 PM GMT
PERCENED | Not felt | weak | Light Strong |Very strong| Severe | Violent | Extreme
POTERTAL | none | nono | none |verylignt| Light | Modorato |Mod.Hoavy [ Heavy |very Hoavy
PEAK ACC(%g) | <0.1 0.5 24 6.7 13 24 44 83 >156
PEAK VEL{cm's) | <007 | 04 19 58 11 22 43 83 >160
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Modified Mercalli Intensity Scale

Mercalli Equivalent Witness Observations
Intensity Richter
Magnitude
I 1.0to 2.0 Felt by very few people; barely noticeable.
II 2.0to 3.0 Felt by a few people, especially on upper floors.
Noticeable indoors, especially on upperfloors, but may not be recognized as an
III 3.0t0 4.0
earthquake.
IV 4.0 Felt by many indoors, few outdoors. May feel like heavy truck passing by.
Felt by almost everyone, some people awakened. Small objects moved. trees and poles
V 4.0to 5.0
may shake.
Felt by everyone. Difficult to stand. Some heavy furniture moved, some plaster falls.
VI 5.0t0 6.0 . .
Chimneys may be slightly damaged.
Slight to moderate damage in well built, ordinary structures. Considerable damage to
VII 6.0 .
poorly built structures. Some walls may fall.
Little damage in specially built structures. Considerable damage to ordinary buildings,
VIII 6.0to 7.0 .
severe damage to poorly built structures. Some walls collapse.
IX 2.0 Considerable damage to specially built structures, buildings shifted off foundations.
' Ground cracked noticeably. Wholesale destruction. Landslides.
X 2.0 to 8.0 Most masonry and frame structures and their foundations destroyed. Ground badly
' ' cracked. Landslides. Wholesale destruction.
X1 8.0 Total damage. Few, if any, structures standing. Bridges destroyed. Wide cracks in

ground. Waves seen on ground.

XII 8.0 or greater Total damage. Waves seen on ground. Objects thrown up into air.
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the United States
33.051,-117.853, 1.7km

1986-07-13 13:47:09

Chalfant, California
37.495,-118.436, 9.7km
19086-07-21 14:42:28

Chalfant Valley, California (Aftershock)
37.496, -118.365, 8.5km

1986-07-21 14:51:10

Chalfant Valley, California (Aftershock)
37.456,-118.401, 15km

1986-07-31 07:22:43
Whittier Narrows, California

34.061,-118.134, 14.4km
1987-10-01 14:42:19

the United States
34.02,-118.137, 11.3km

1987-10-04 10:59:37

Elmore Ranch, California
33.215,-115.793, 15km
1987-11-24 01:54:19
Superstition Hills, California
33.071,-115.853, 1.9km
1987-11-24 13:15:57

the United States

34.08,-118.05, 12km
1988-02-11 15:25:55

the United States
34.15,-118.13, 13km
1088-12-03 11:38:26
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X (599)

VII (1,089,640)
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La Habra quake a reminder about dangerous Puente Hills fault

Experts say a major quake on the Puente Hills fault could do more damage to the heart of L.A. than the dreaded Big One on the San
Andreas.

March 29, 2014 | By Rong-Gong Lin IT

The magnitude 5.1 earthquake that rattled Southern California on Friday was a 10-second reminder of a fault that seismologists believe
can produce a catastrophic disaster.

The Puente Hills thrust fault is so dangerous because of its location, running from the suburbs of northern Orange County, through the
San Gabriel Valley and under the skyscrapers of downtown Los Angeles before ending in Hollywood.

Experts say a major, magnitude 7.5 earthquake on the fault could do more damage to the heart of Los Angeles than the dreaded Big One
on the San Andreas fault, which is on the outskirts of metropolitan Southern California.

The size of Friday's quake was considered moderate, but it packed a punch. Residents within 10 miles of the epicenter in La Habra
reported toppled furniture, broken glass and fallen pictures. Several water mains broke, and a rock slide in Carbon Canyon caused a car
to overturn, leaving those inside with minor injuries.

Officials said more than a dozen homes and apartments were red-tagged because of possible structural damage.

Preliminary checks by the U.S. Geological Survey after the quake show it erupted around the Puente Hills thrust fault system, said
Caltech seismologist Egill Hauksson. Further research is underway.

In 1987, another "moderate" quake on that fault killed eight people and caused more than $350 million in damage. The magnitude 5.9
Whittier Narrows quake left old brick buildings in Whittier's downtown area battered and also damaged some freeway bridges. More
than 100 single-family homes and more than 1,000 apartment units were destroyed.

Friday night's earthquake was caused by the underground fault slipping for half a second, said USGS seismologist Lucy Jones, prompting
about 10 seconds of shaking at the surface.

But a 7.5 quake on the Puente Hills fault could cause the fault to slip for an entire 20 seconds — and the shaking could last far longer.

The Puente Hills fault could be especially hazardous over a larger area because of its shape. Other local faults, like the Newport-
Inglewood and Hollywood, are a collection of vertical cracks, with the most intense shaking occurring near where the fault reaches the
surface. The Puente Hills is a horizontal fault, with intense shaking likely to be felt over a much larger area, roughly 25 by 15 miles.

According to estimates by the USGS and Southern California Earthquake Center, a massive quake on the Puente Hills fault could kill
from 3,000 to 18,000 people and cause up to $250 billion in damage. Under this worst-case scenario, people in as many as three-
quarters of a million households would be left homeless.

One reason for the dire forecast is that both downtown L.A. and Hollywood are packed with old, vulnerable buildings, including those
made of concrete, Jones said.

By contrast, a magnitude 8 "Big One" on the San Andreas fault — more than 30 miles from downtown L.A., on the other side of the San
Gabriel Mountains — would cause up to 1,800 deaths, according to estimates.

The shaking from a quake in the center of urban L.A. would be so intense that it could lift heavy objects into the air, Jones said. It has
happened before, near the epicenter of the 1989 Loma Prieta earthquake in the Santa Cruz Mountains. There, the shaking was so bad,
"we found an upside-down grand piano."

"That's the type of shaking that will hit all of downtown. And everywhere from La Habra to Hollywood," Jones added.

The violent motion would be amplified by the soft soil underneath the Los Angeles Basin and the valleys, which produces a jello effect as
shaking waves wobble off the basin.

Scientists believe the Puente Hills fault has a major quake roughly every 2,500 years but don't know when the last one was. The San
Andreas has quakes more frequently (both the Loma Prieta and 1906 San Francisco quakes were on this fault).

The Puente Hills fault was discovered relatively recently — in 1999. Five years earlier, the magnitude 6.7 Northridge earthquake hit on
another "invisible" fault — completely underground — that scientists didn't know about.


http://www.latimes.com/
http://articles.latimes.com/2014/mar/29/local/la-me-0330-quake-puentehills-20140330

"When Northridge happened,” Jones said, "it was very sobering for us to think we could have that big of an earthquake that doesn't come
to the surface."

So scientists launched a major study to discover more of these invisible faults. They strung thousands of sensors across the Los Angeles
region and set off small explosions underground.

"From that, we saw this Northridge-like structure sitting under downtown L.A., which is horribly sobering," Jones said.

Video simulations of a rupture on the Puente Hills fault system show how energy from a quake could erupt and be funneled toward L.A.'s
densest neighborhoods, with the strongest waves rippling to the west and south across the Los Angeles Basin.

By contrast, the Northridge earthquake, which killed 57, channeled its strongest shaking north to the more sparsely populated Santa
Susana Mountains.

ron.lin@latimes.com
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