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. Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN
]RIS Friday, March 11, 2011 at 05:46:23 UTC

Teachable Moments

Japan was struck by a magnitude 9.0 earthquake off its northeastern
coast Friday. This is one of the largest earthquakes that Japan has
ever experienced.

In downtown Tokyo, large buildings shook violently and there is severe USGS
flooding due to a tsunami generated by the earthquake.

Part of houses
swallowed by
tsunami burnin
Sendai, Miyagi
Prefecture (state)
after Japan was
struck by a strong
earthquake off its
northeastern coast
Friday, March 11,
2011.

New York Times
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IRIS Friday, March 11, 2011 at 05:46:23 UTC

Teachable Moments

Globally, this is the 4th largest earthquake since 1900.
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| Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN
]RIS Friday, March 11, 2011 at 05:46:23 UTC

Teachable Moments

This earthquake was the
result of thrust faulting along
or near the convergent plate
boundary where the Pacific

Plate subducts beneath Japan.

This map also shows the rate
and direction of motion of the
Pacific Plate with respect to
the Eurasian Plate near the
Japan Trench. The rate of
convergence at this plate
boundary is about 83 mm/yr
(8 cm/year). This is a fairly
high convergence rate and
this subduction zone is very
seismically active.
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Teachable Moments

The map on the right shows historic
earthquake activity near the epicenter
(star) from 1990 to present.

As shown on the cross section,
earthquakes are shallow (orange dots) at
the Japan Trench and increase to 300 km
depth (blue dots) towards the west as
the Pacific Plate dives deeper beneath
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Seismicity Cross Section across the subduction zone
showing the relationship between color and
earthquake depth.

w
<
e

Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN
Friday, March 11, 2011 at 05:46:23 UTC

Seismicity Cross Section
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http://www.tectonics.caltech.edu/slip_history/2011_tohoku-oki-tele/
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Magnitude 9.0 NEAR THE EAST COAST OF HONSHU, JAPAN

]RIS Friday, March 11, 2011 at 05:46:23 UTC

Teachable Moments

Seismic waves recorded around the world.
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Magnitude 7.8 NEPAL
IRI Saturday, April 25, 2015 at 06:11:26 UTC

Teachable Moments

A magnitude 7.8 earthquake occurred with an epicenter 77 km

(48 miles) northwest of Kathmandu, the capital city of Nepal that is
home to nearly 1.5 million inhabitants. The earthquake flattened
homes, buildings and temples, causing widespread damage across
the region and killing more than 2,300 and injuring more than 5,000.

Rescue workers remove
debris as they search for
victims of earthquake in
Bhaktapur near Kathmandu,
Nepal. A major earthquake
shook Nepal's capital and the
densely populated Kathmandu
Valley before noon Saturday,
causing extensive damage
with toppled walls and
collapsed buildings, officials
said.

(AP Photo/Niranjan Shrestha)
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Teachable Moments

The earthquake centered outside Kathmandu, the capital, was
the worst to hit Nepal in over 80 years. It destroyed swaths of
the oldest neighborhoods of Kathmandu and severely damaged
three Unesco World Heritage sites. The earthquake was strong
enough to be felt all across parts of India, Bangladesh, China's
region of Tibet and Pakistan.

Reports of damage
and injuries are still
being confirmed.
The situation is
unclear in remote
areas which remain
cut off or hard to

| ) access. Many

,. mountain roads are
50 i INDIA pe garlnagdeclj_dor blocked
T Wt ndslides.
50 miles  FehnS ' Ty § BANGLADESH y landslides

Image courtesy of the BBC
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Teachable Moments

Shaking Intensity

The Modified Mercalli Intensity
(MMI) scale depicts shaking
severity. The area nearest
Katmandu experienced very
strong to severe shaking.

Perceived
Modified Mercalli Intensity = Shaking
X Extreme
X Violent
Vil
Vi
1% Light
-l Weak
| Not Felt

Image courtesy of the US Geological Survey USGS Estimated shaking Intensity from M 7.8 Earthquake
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Teachable Moments

N
- g
The earthquake activity in Nepal is caused by the ongoing ) 4

continent-continent collision between India and Asia. That Tt ~/\s \
collision has produced the Himalaya Mountains and the S _h BB
Tibetan Plateau. The collision zone wraps around the e e £
northwest promontory of the Indian continent in the Hindu o &
Kush region of Tajikistan and Afghanistan then extends to  smiin /=
the southeast through Nepal and Bhutan. |
XA
_‘_ 71 million
¥ won- P
/-’ Land mass
* ',::f:’JSRILANKA

The motion of India into Asia is essentially
perpendicular to the Himalaya Mountains in
Nepal. So thrust faulting earthquakes are the
most common kind of earthquake in the central
Himalayan region.
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Teachable Moments

This earthquake occurred as the
result of thrust faulting between the
subducting Indian Plate and the
overriding Eurasian Plate to the

north.

At the location of this earthquake the
Indian Plate is converging with
Eurasia at a rate of 45 mm/yr towards
the north-northeast, driving the uplift
of the Himalayas and the Tibetan

Plateau. Reverse/Thrust/Compression

/

Block model

USGS Centroid
Moment Tensor \ P
Solution

Focal 2D Projection
Sphere of Focal Sphere

The tension axis (T) reflects the minimum compressive stress direction.
The pressure axis (P) reflects the maximum compressive stress direction.



Extension of seismic rupture (hypothetic)

Kathmandu
S / Eplcenter Mw7.8 N

0 100 km After Lavé and Avouac 2001
and Grandin et al. 2012

http://www.ipgp.fr/en/central-nepal-earthquake-april-25th-2015



Magnitude 7.8 NEPAL
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Teachable Moments

This map shows epicenters
of earthquakes since 1990
(>M4) within the India — Asia
collision zone. Note the belt
of earthquakes along and
south of the Himalaya
Mountains sweeping through
Nepal (yellow outline).
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Teachable Moments

This map shows the
magnitude 7.8 earthquake
(mainshock) and the
distribution of 40 aftershocks
of magnitude 4 or larger that

occurred over the following
27 hours.
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Teachable Moments

This map shows fault
displacement during this
earthquake. The red star is
the epicenter while the purple
arrow shows the direction of
rupture propagation towards
the southeast. Contours
show the rupture front in

5 second increments after
rupture initiation. Small red
arrows show the direction
and amount of motion of the
rocks above the fault with
respect to the rocks below
the fault. The amount of slip
is shown by color of shading.
Maximum fault displacement
of about 3 meters occurred in
the rupture zone about 20 km
north of Kathmandu.

Magnitude 7.8 NEPAL
Saturday, April 25, 2015 at 06:11:26 UTC
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Signal to noise ratio map for all BHZ data at IRIS 0.3tol.0Hz
NEPAL
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Broadband stations
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GSN data combed and aligned on origin 0.01t00.05Hz BHZ
NEPAL
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Distance binned envelope stacks 0.1to0.5Hz BHZ
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U.S. Standard Atmosphere (1976)

U.S. Standard Atmosphere (1976)
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Vertical Ground Motion at Harrisburg, AR, Caused by Sonic Booms
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Show only before

Before: Waves breech an embankment in Miyako, Iwate prefecture, on March 11,
2011. (Toru Yamanaka / AFP/Getty Images).
After: Jan. 16, 2012. (Toru Yamanaka / AFP/Getty Images)
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Japan (Tohoku) tsunami, March 11, 2011
Maximum wave amplitudes
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Amplitude (counts)

Frequency (Hz)

Zhigong Peng, Georgia Tech

SeismigSound During the 2018/05/04 M6.9 Earthquake Sequence in Hawaii
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