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Welcome to Teachable Moments! Our goal is to provide timely and accurate
information to develop knowledge about a newsworthy earthquake for audiences
from middle school through college. Please use the slides to get a concise, but
thorough overview of the recent earthquake and then use them as is, or customize it
for your students and curriculum.

New for the 2024-25 school year:

1. Color-coding for grade levels. W middle school + v high school +
v college

1. Check out the new Slide Guide: Slides or pdf that will guide your students through the slide
deck: middle school pdf high school pdf college pdf

2. New Geography slide(s): A quick hit about the city or area that gives you cross-curricular
connections: geography, physics, chemistry, biology, environmental science or even history.

3. NGSS Connections linked to questions in the Slide Guide are located in the notes sections
below each slide guide.

4. Fillin the blank sub-plans: The first two pages can be completed and used all year (hint: sheet
protector). The rest are for you to modify or fill-in to customize your sub-plans to fit what you're
doing.


https://docs.google.com/document/d/1PcTLPrp1Dr1nc0jUGFi03Ni44FUhzdpY32YcFDXiM5s/copy
https://docs.google.com/document/d/1A9qCrAtOxL1sJrCkDwNCMBwBhRm9pw3lFP3C60hpqBE/copy
https://docs.google.com/document/d/1YgDZjuXrINA-kcZ6mnDMXJgy3rp7xn-yuyl4Ef-_xw8/copy
https://docs.google.com/document/d/1iURX9H_4q2hAIZ5dB4i4jKiyrjQ3g4YZzzMcd6Ki_uE/copy
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A magnitude 7.7 earthquake has struck central Myanmar, intensifying %

the challenges already faced by a country gripped by civil war and a &

humanitarian crisis. The earthquake's epicenter was located near

Mandalay, Myanmar's second-largest city, _, £ f

and approximately 100 km (60 miles) north < oo \

of the capital, Nay Pyi Taw. The earthquake &

was felt across the region, including in Badcal S /

Thailand and southwest China. ka ' f
- Burma

The earthquake caused widespread Chittagong

destruction, including buckled roads in the g b =

capital and damaged buildings across the

country. There are reports of over 1,500

homes damaged in the Mandalay region N

alone. \ Laos

Vientiane
The official death toll has surpassed 2,000, "
with more than 3,900 injured and hundreds
still missing. Rescue efforts are ongoing
under extremely difficult conditions, with
teams in Mandalay describing their efforts as
"digging people out with our bare hands." e

Thailand



Presenter Notes
Presentation Notes
For more detail, visit USGS:  https://earthquake.usgs.gov/earthquakes/eventpage/us7000pn9s/executive
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A building is damaged after earthquake Friday, March 28, 2025, in Nay Pyi Taw, I\/Iyanmar.
(AP Photo/Aung Shine Oo)
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Back Projections are movies created from an
automated data processing sequence that stacks  +#
up P wave energy recorded on many

seismometers on a flat grid around the source 1230
region. This grid is meant to be a fault surface
and creates a time and space history of the
earthquake. This technique allows detailed and
complex rupture propagation to be examined.
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In the animated back projections, warmer colors
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What About Myanmar?

Myanmar is a country in Southeast Asia with
over 57 million people, where most speak
Burmese and follow Buddhism. Although it
has a low-income economy, many people
work in farming, mining, or logging. The
country is known for its beautiful temples,
mountains, lakes, and beaches. Visitors
enjoy local foods like curry and tea-leaf
salad, and instead of big malls or fancy
hotels, they find small shops and
guesthouses.



Presenter Notes
Presentation Notes
Currently, there is travel warning due to civil unrest and corruption

https://wikitravel.org/shared/File:Myanmar_Banner.jpg
https://www.flickr.com/photos/9336281@N05/1118199938
https://www.flickr.com/photos/9336281@N05/1118199938
https://www.flickr.com/photos/9336281@N05/1118199938
https://www.flickr.com/photos/9336281@N05/1118199938
https://www.flickr.com/photos/9336281@N05/1118199938
https://www.flickr.com/photos/9336281@N05/1118199938
https://www.flickr.com/photos/9336281@N05/1118199938
https://www.flickr.com/photos/9336281@N05/1118199938
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High Biodiversity — but at Risk

Myanmar is part of the Indo-Burma biodiversity
hotspot, a region with many different habitats
that support thousands of plant and animal
species. Some endangered animals found here
include two types of tigers, pangolins, the saola
(also called the “Asian unicorn”), and the
Burmese bamboo shark, along with thousands of

plants like the beaked magnolia.
Many of these species are at risk due

to habitat loss and pollution. The )
biggest threats come from commercial
logging, farming, mining, and extreme
weather effects.

/ Misolonax - Own work, CC BY-SA 4.0,
mor ja.org/w/index.p


Presenter Notes
Presentation Notes
There are 122 key biodiversity areas in Mayanmar (Burma) but only 25% are covered by protected areas.
Besides habitat loss, pollution and climate (increases in temperature, and more extreme weather events), animals are subject to poaching and hunting and threats from the conflict and instability of the region.
Though Air pollution is a major issue, water pollution is their number 1 concern – from agriculature runoff, mining (toxins and heavy metals)   and wastewater discharge without treatment.

https://commons.wikimedia.org/w/index.php?curid=16081429
https://commons.wikimedia.org/w/index.php?curid=79205863
https://commons.wikimedia.org/w/index.php?curid=59567084

Magnitude 7.7 MYANMAR (BURMA)
Friday, March 28, 2025 at 06:20:54 UTC

Why is there so much biodiversity?

Myanmar has many different types of
environments, including coastal areas,
tropical rainforests, tall mountains,
grasslands, and dry forests. It also has a
variety of water habitats like coral reefs,
rivers, lakes, wetlands, and coastal waters.
The land rises from sea level up to Mount
Hkakabo Razi, which is over 19,000 feet taII
and part of the eastern Himalayas. [¢ ‘
This wide range of habitats
supports many kinds of plants and |
animals.


https://commons.wikimedia.org/w/index.php?curid=155256972
https://commons.wikimedia.org/wiki/File:Grandfather_Island.jpg#/media/File:Grandfather_Island.jpg
https://commons.wikimedia.org/wiki/File:Grandfather_Island.jpg#/media/File:Grandfather_Island.jpg
https://commons.wikimedia.org/w/index.php?curid=29702662

. Earthquake

Population density of
Myanmar by. region (2014)

People per km?
B over 200 km?
B 100-200 km?
B 50-100 km? ¥
20-50 km?2 ',;
["] Under 20 km?
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The March 28 earthquake occurred very close to
Mandalay—the second largest city in Myanmar—
with a population of over 1.2 million people.

The shallow depth of the earthquake (~6 mi, 10
km) amplified its impact. Shallow earthquakes
produce more intense shaking at the surface,
increasing the risk of structural damage, injuries,
and fatalities—especially in densely populated
urban areas like Mandalay.

Machaze,
Mozambique

Feb. 22, 2006
M7.0

11 km deep

Excerpt from Earthquake Intensity—What controls the shaking you feel?



Presenter Notes
Presentation Notes
Population map from Wikimedia Commons, Austiger

https://youtu.be/BP7gKXLjqxk
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Despite being located more than 600
miles away from the earthquake’s
epicenter, Bangkok, Thailand
experienced significant shaking from the
earthquake.

Users on social media captured water

spilling over from rooftop pools due to
the shaking.

Epicenter

Bangkok

- :
5“‘11 ~
Video: T|kTok/@bunnyhtet63

300 miles

© OpenStreetMap contributors



Presenter Notes
Presentation Notes
Map Graphic: Joe Murphy / NBC News


The Modified-Mercalli Intensity (MMI) scale is
a ten-stage scale, from | to X, that indicates
the severity of ground shaking.

Intensity is based on observed effects and is
variable over the area affected by the
earthquake and is dependent on earthquake
size, depth, distance, and local conditions.

MMI Perceived Shaking

Extreme
Violent
Severe

Very Strong
Strong
Moderate
Light
Weak

| Not Felt
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Presenter Notes
Presentation Notes
Shaking intensity scales were developed to standardize the measurements and ease comparison of different earthquakes. The Modified-Mercalli Intensity scale is a ten-stage scale, from I to X.  Lower numbers represent imperceptible shaking while X represents extreme shaking.
Relevant animation: 
Earthquake Intensity https://www.iris.edu/hq/inclass/animation/earthquake_intensity 

HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity. ESS3.B: Natural Hazards Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations.(HS-ESS3-1)
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The USGS PAGER map shows the population exposed to different Modified Mercalli
Intensity (MMI) levels. The USGS estimates that approxmately 4,568,000 people felt severe
shaking from this earthquake.

MMI Shaking Population
I Not Felt 0k*
II-III Weak 62,933 k*
Light 141,754 k
Moderate 31,312k
Strong 13,716 k

Very Strong 3,307k

Severe 4,568 k -
Violent 2 681 k The color-coded contour lines outline regions of MMI intensity.
’ The total population exposure to a given MMI value is obtained by
summing the population between contour lines. The estimated
Extreme 0k population exposure to each MMI Intensity is shown in the table.

IIIEﬁlE

Image courtesy of the US Geological Survey


Presenter Notes
Presentation Notes
The USGS PAGER map shows the population exposed to different Modified Mercalli Intensity (MMI) levels.  MMI describes the severity of an earthquake in terms of its effect on humans and structures and is a rough measure of the amount of shaking at a given location.  

HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity. ESS3.B: Natural Hazards Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations.(HS-ESS3-1)
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The focal mechanism is how seismologists plot the 3-
D stress orientations of an earthquake. Because an
earthquake occurs as slip on a fault, it generates
primary (P) waves in quadrants where the first pulse
is compressional (shaded) and quadrants where the
first pulse is extensional (white). The orientation of
these quadrants determined from recorded seismic
waves determines the type of fault that produced the
earthc

Strike-Slip/Shear

USGS W-phase Moment Tensor Solution

Focal 2D Projection

The tension axis (T) reflects the minimum compressive stress Block model
Sphere of Focal Sphere

direction. The Pressure axis (P) reflects the maximum
compressive stress direction.


Presenter Notes
Presentation Notes
Focal Mechanisms Explained:
https://www.iris.edu/hq/inclass/animation/focal_mechanisms_explained
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A foreshock is a smaller magnitude earthquake
that precedes the mainshock. There are no
special characteristics of a foreshock that let us

INCORPORATED RESEARCH INSTITUTIONS FOR SEISMOLOGY

e

know it is a foreshock until the mainshock ’EARTHQUAKE‘Q

AN
occurs. Foreshocks—MainiShock—Aftershocks
A mainshock is largest magnitude earthquake Earthquake sequences & the origin of Omoris Law
during an earthquake sequence. e &; 3
Aftershocks are smaller earthquakes occurring
after a large earthquake as the fault adjusts to
the new state of stress. poororeOcK ent e i e v
This event has now been identified as the | eanenee
mainshock of an event sequence consisting of 27 é \. il

earthquakes. These events took place all along

background ’ o |

the Sagaing fault with 6 foreshocks and as of .
3/31/2025, 20 identified aftershocks. gT : ’II

Of these aftershocks the largest was a 6.7 = TTTimeI L1 —
magnitude event ~12 minutes after the mainshock

took place. The graph shows how the number of aftershocks
Aftershock sequences vary in length but can last  and the magnitude of aftershocks decay with

for years after a large mainshock. The size and increasing time since the main shock. The number of

frequency of aftershocks typically decreases with afte.rshocks also decreases with distance from the
time, as shown in the graph at right. main shock.



Presenter Notes
Presentation Notes
Relevant Animation:  Earthquake Foreshock – Mainshock - Aftershock: https://www.iris.edu/hq/inclass/animation/earthquake_foreshockmainshockaftershock��Explore this event and more with our interactive earthquake browser: https://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=2024-12-05&endtime=2024-12-06&orderby=time-desc&src=usgs&limit=1000&maxlat=41.569&minlat=39.124&maxlon=-123.440&minlon=-128.582&sbl=1&pbl=1&zm=5&mt=ter
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Seismic Hazards in Southeast Asia
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Peak Ground Acceleration (PGA) in units of g on reference rock conditions with a 10%
probability of being exceeded in 50 years, equivalent to a return period of 475 years. 7
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Source: Johnson et al., 2023

PGA measures the maximum
ground acceleration experienced
during earthquake shaking at a
particular site.

Measurement Units: PGA is
commonly expressed as a fraction
or percentage of Earth's
gravitational acceleration (g =
9.81 m/s?).

Hazard Maps: PGA values are
depicted on seismic hazard maps
to illustrate expected ground
shaking levels across different
regions, aiding in urban planning
and construction standards.

While PGA indicates the severity
of ground motion at a site, it
doesn't directly measure the total
energy released by an
earthquake, which is represented
by magnitude scales.


Presenter Notes
Presentation Notes
Sources:
left:  K. Johnson, M. Villani, K. Bayliss, C. Brooks, S. Chandrasekhar, T. Chartier, Y. Chen, J. Garcia-Pelaez, R. Gee, R. Styron, A. Rood, M. Simionato, M. Pagani (2023). Global Earthquake Model (GEM) Seismic Hazard Map (version 2023.1 - June 2023), DOI: https://doi.org/10.5281/zenodo.8409647 

Map: https://maps.openquake.org/map/gshm-2023-1/#6/20.626/103.533 
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Ground Failure Potential

Landslides

)Estimated Area Exposed to Hazard

1 km? 10 km? 21,000 km?

<0.1 km? 100 km?

Landslides triggered by this earthquake are estimated to be significant in number and (or)

spatial extent.

)Estimated Population Exposure

100 1,000

10,000 =100,000

<10

The number of people living near areas that could have produced landslides in this
earthquake is significant. This is not a direct estimate of landslide fatalities or losses.

Earthquakes can trigger
landslides over wide areas
causing societal disruptions
by blocking roads, destroying
infrastructure, and damming
waterways causing flooding
hazards.

Source: USGS

Liquefaction

BEstimated Area Exposed to Hazard

10 km? 100 km? 210,000 km?

<1 km? 1,000 km?

Liguefaction triggered by this earthquake is estimated to be extensive in severity and (or)
spatial extent.

EEstimated Population Exposure

1,000 10,000 = 1,000,000

<100 100,000

The number of people living near areas that could have produced liquefaction in this
earthquake is extensive. This is not a direct estimate of liquefaction fatalities or losses.

Earthquake shaking can
cause saturated soil to
lose strength, resulting in
the soil behaving more
like a liquid than a solid.



Presenter Notes
Presentation Notes
About Landslides and liquefaction: https://earthquake.usgs.gov/earthquakes/eventpage/us7000pn9s/ground-failure/about 

Relevant learning resources
Activities to explore liquefaction and landslides: Geologic Hazards Related to Earthquakes
Video: Buildings & Bedrock: Effects of amplification & liquefaction (YouTube) 
Video: Liquefaction (during the 1906 San Francisco Earthquake)  (YouTube)


Magnitude 7.7 MYANMAR (BURMA)
Friday, March 28, 2025 at 06:20:54 UTC

Landslide Probability Liquefaction Estimate
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Ground Failure Potential

Both of these maps show
the probability that a
specific hazard will take
place.

* The landslide
probability is estimated
by considering ground
shaking intensity,
topographic slopes,
and soil or geological
conditions.

* The liquefaction
estimate is calculated
by considering the
peak ground
acceleration, the soill
susceptibility and the
depth to water table.


Presenter Notes
Presentation Notes
Sources:
Left: https://earthquake.usgs.gov/earthquakes/eventpage/us7000pn9s/ground-failure/summary
RIght:  https://earthquake.usgs.gov/earthquakes/eventpage/us7000pn9s/map?shakeMapIntensity=false&ground-failure-landslide=true 
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From the Interactive Earthquake Browser (www.iris.edu/ieb)

@ M7.7 Mandalay, Myanmar (Burma) Earthquake — 28 March 2025

Population
| Tectonic setting
# Earthquake history

oy |Gotomnew: Regioa /Topc -



Presenter Notes
Presentation Notes
Visualize this earthquake in your classroom with EarthScope’s Interactive Earthquake Browser: https://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=1970-01-01&endtime=2055-01-01&minmag=0&maxmag=10&mindepth=0&maxdepth=900&orderby=time-desc&src=usgs&limit=1000&maxlat=86.42&minlat=-86.42&maxlon=180.00&minlon=-180.00&zm=2&mt=ter


Different tectonic models and maps show varying interpretations of plate
boundaries—particularly the extent and shape of the Sunda plate. This
tectonic complexity reflects a mix of collision, subduction, and strike-slip
faulting, all of which contribute to the region's high seismic hazard.
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On simplified
world maps, the
Indian Plate is
shown converging
with the southern
part of the
Eurasian Plate.
This movement
causes the two
landmasses to
push against each
other, creating
mountains like the |
Himalayas and the|
high land of the -
Tibetan Plateau.

EURASIANPLATE

35°N

B5°E 70°E 75°E BO°E B5°E 90°E 95°E 100°E 105°E 110°E

In the northwest, where India meets Tajikistan and Afghanistan, the land is also getting squeezed
and deformed—this area is called the Hindu Kush region.

To the east, near the end of the Himalayas, the land is sliding (strike slip) and pushing
(compressional deformation) at the same time. This area is called the Eastern Transform Boundary.
The magnitude 7.7 March 28, 2025 earthquake near Mandalay, Myanmar occurred in this region.



Presenter Notes
Presentation Notes
Basemap on right from GeoMapApp.
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One of the ways we know the rates of
plate motion is from GPS stations.

GPS stations receive signals from
satellites and use the time offset
between when the signal leaves the
satellite and when it arrives at the
station to determine distance. If a station
receives signals from 4 or more
satellites, it is able to determine its
location (6 or more satellites is much
better).

This is the same way GPS works in
phones and other devices but the high- Prstdr o ,

precision stations can determine movement, W ' i e 13
location within millimeters (<% inch) I ALy movement
rather than 5-10 meters (15-30 feet). N

Over time, changing locations allow
scientists to determine station A e
movement from plate tectonics, which GPS motion keylt} i

are shown as vectors (arrows). Sl LIS



Presenter Notes
Presentation Notes
Background image from Google Maps
Station image is from a station near Tedim, Burma (Myanmar) not shown on this map (https://news.climate.columbia.edu/2018/11/03/our-next-sets-of-gps-in-kalewa-and-tedim/)



This region has GPS stations that record the long term motion from plate tectonics.
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Compared to the Eurasian plate, stations in Burma west of the Sagaing Fault are moving
around 2 cm/yr (0.75 inch/yr) to the north, as the Burma microplate Plate slides north
toward the Eurasian Plate.

Over decades and
centuries this friction
between the plates
accumulates and is
occasionally released
in earthquakes such as
the magnitude 7.7
quake on March 28,
2025.

INDIAN
(PLAE

25 mm/yr



Presenter Notes
Presentation Notes
Background imagery from Google Earth
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Frlday, March 28 2025 at 06:20: 54 UTC GPS technology measures tectonic motion
T T - with high precision by timing signals from satellites.

125N With data from four or more satellites, a station’s

' location can be determined to within millimeters.

Tracking these positions over time reveals tectonic

/ movements, shown as arrows (vectors) on maps.

1,6-y ON this map, arrows show GPS-measured rates of
motion across the central Sagaing Fault. Motion is
measured relative to the interior of the Sunda Plate.

* The graph at the top displays northward velocities
of GPS stations located within the red box
spanning the fault.

+ Stations west of the fault (on the Burma
microplate) are moving northward faster than
those east of the fault (on the Sunda Plate).

4 {22°n «  The Burma microplate is moving northward

relative to the Sunda Plate at a rate of 24 mmlyr,

consistent with right-lateral motion along the

_. Sagaing Fault.

1:0-n © The rate of northward motion gradually changes

I across a zone about 100 km wide on either side

of the fault. This gradual shift indicates that rocks

it in this region are bending as shear stress

1 - builds in a locked fault zone.

/ When the accumulated shear stress exceeds friction

along the fault:

* The fault suddenly slips, causing an earthquake.

» Surrounding areas shift position abruptly.

» Elastic energy stored for decades or even
centuries is rapidly released.
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Presenter Notes
Presentation Notes
Adapted from: Tin, T.S.H., T. Nishimura, M. Hashimoto, E. O. Lindsey, L.T. Aung, S.M.t Min, M. Thant, Present-day crustal deformation and slip rate along the southern Sagaing fault in Myanmar by GNSS observation, J. Asian Earth Sci., v.  228, ��Visualize in your classroom with EarthScope’s GPS Velocity Viewer: GPS velocity viewer: https://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer.html

Basemap from GeoMapApp.

GPS technology allows scientists to measure tectonic motion with remarkable precision.
It works by calculating the time difference between when a signal leaves a satellite and when it reaches a GPS station, which determines the distance.
When a GPS station receives signals from four or more satellites, its position can be pinpointed with millimeter-level accuracy.
By tracking position changes over time, scientists can determine how GPS stations move due to tectonic forces. These movements are shown as vectors (arrows) on maps.
On this map, arrows show GPS-measured rates of motion across the central Sagaing Fault.
Motion is measured relative to the interior of the Sunda Plate.
The graph at the top displays northward velocities of GPS stations located within the red box spanning the fault.
Stations west of the fault (on the Burma microplate) are moving northward faster than those east of the fault (on the Sunda Plate).
The Burma microplate is moving northward relative to the Sunda Plate at a rate of 24 mm/yr, consistent with right-lateral motion along the Sagaing Fault.
The rate of northward motion gradually changes across a zone about 100 km wide on either side of the fault.
This gradual shift indicates that rocks in this region are bending as shear stress builds in a locked fault zone.
When the accumulated shear stress exceeds friction along the fault:
The fault suddenly slips, causing an earthquake.
Surrounding areas shift position abruptly.
Elastic energy stored for decades or even centuries is rapidly released.
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This map highlights major faults in the s Himal _
Eastern Transform Boundary region. P e d” Wt
At the Sunda Trench, the India Plate is
subducting beneath the Burma microplate.
» The subduction zone here ruptured in
December 2004, producing a
magnitude 9.1 great earthquake
(epicenter marked by red star) and the
devastating Indian Ocean tsunami. 4
Subduction of the India Plate is highly - India
oblique to the trench, causing the Burma :
- Plate
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microplate to slide northward nearly parallel
to the Sunda Trench.
The eastern boundary of the Burma
microplate consists of:
* The Sumatra Fault in the south
* The Sagaing Fault in the north
» Both the Sumatra and Sagaing faults
are over 1,000 km long and are right- | 43 mmlyr
lateral strike-slip faults. I
The red star labeled M7.7 marks the
epicenter of the March 28, 2025 i
earthquake, which occurred on the Sagaing F
Fault near Mandalay. :
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Presentation Notes
Adapted from: Socquet, A., C. Vigny, N. Chamot-Rooke, W. Simons, C. Rangin, and B. Ambrosius, India and Sunda plates motion and deformation along their boundary in Myanmar determined by GPS, J. Geophys. Res., v.111, B05406, 2006. Basemap from GeoMapApp.
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During the 1900s, six magnitude 7 or larger
earthquakes occurred along the Sagaing Fault.

* Red lines on the map show the
approximate rupture lengths of these past
earthquakes, labeled by year and
magnitude.

 The March 28, 2025 earthquake is shown
with a pink line (rupture length) and a star
(epicenter).The northern end of the 2025
rupture overlaps the southern part of the
1946 rupture.

* A “seismic gap” exists between the two
1930 earthquakes (in the south) and the
1956 earthquake (in the center of the
fault).In 2011, this gap was identified as a
fault segment that hadn’t had a major
earthquake since 18309.

» Scientists predicted it was likely to rupture
in the early 2000s.The 2025 earthquake
has now ruptured about half of that
seismic gap.
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Presenter Notes
Presentation Notes
Adapted from: Tsutsumi, H. and T. Sato, Tectonic Geomorphology of the Southernmost Sagaing Fault and Surface Rupture Associated with the May 1930 Pegu (Bago) Earthquake, Myanmar, Bull. Seis. Soc. Amer., v.99, p.2155–2168, 2009; and Wang, Y., K. Sieh, S. T. Tun, K.-Y. Lai, and T. Myint (2014), Active tectonics and earthquake potential of the Myanmar region, J. Geophys. Res. Solid Earth, 119, 3767–3822, doi:10.1002/2013JB010762.  Basemap from GeoMapApp.

During the 1900s, six magnitude 7 or larger earthquakes occurred on the Sagaing Fault. The red lines along the fault show the approximate rupture lengths of these earthquakes that are labeled by year and magnitude. For the March 28, 2025 earthquake, the rupture length is shown by the pink line while the star indicates the epicenter. The northern end of the 2025 rupture appears to overlap the southern part of the 1946 rupture.

Notice the “seismic gap” between the two 1930 earthquakes in the south and the 1956 earthquake in the central part of the Sagaing Fault. In 2011, this seismic gap was recognized as a segment of the fault that had not experienced a major earthquake since 1839. That segment was highly likely to experience a major earthquake during the early decades of this century. Indeed, the 2025 earthquake has filled half of this seismic gap.
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—=1—— TIhe record of the earthquake in Ithaca, NY (PRNY) is illustrated below. —
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Ithaca is 12,780 km (7,941 miles, 115° ) from the location of this earthquake.
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A prominent wave arrival on this seismogram is PP, a compressional wave
904 that bounced off the Earth’ s surface halfway between the earthquake and
the station. Following the earthquake, it took 19 minutes and 42 seconds
g4 for the PP wave to arrive to this station.

%TD_ [/ i e The first arrival is a diffracted P wave.
& Direct P and S waves cannot travel to stations -
more than epicentral distance A > 104° because
B of the large decrease in wave velocities across
the boundary between the mantle and the liquid
. outer core. There is a "shadow zone" for direct P
" waves in the range 104° <A <140° . The S-

wave shadow zone exists for A > 104° because
the liquid outer core blocks S waves that cannot
3”' / travel through liquids.

a4

Surface waves traveled the 12,780 km (7,941 miles)
10+ along the perimeter of the Earth from the
earthquake to the recording seismometer.
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Presentation Notes
Relevant Animation:
Where do travel-time curves come from? https://www.iris.edu/hq/inclass/animation/traveltime_curves_how_they_are_created 
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Animation explaining the
seismic shadow zone.

Epicentral distance is the
angle formed by the
intersection of the line from
the earthquake to Earth's
center with the line from
the observing point to the
Earth's center.

S waves are observed up
to a distance of 104° from
an earthquake, but direct S
waves are not recorded
beyond this distance.

P waves also have a
shadow zone between
104° and 140° .
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RIS Seismic Shadow Zones

How the mantle and core were determined using 2
the arrival times of direct P and S body waves

P waves (primary) are
compressive waves
that travel through
solids & liquids.

S waves (secondary)
are shear waves

that travel through THIRNN /
solids only. _ |
|
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Presenter Notes
Presentation Notes
Relevant animation: 
Seismic Shadow Zone: Basic Introduction, How do P & S waves give evidence for a liquid outer core?
https://www.iris.edu/hq/inclass/animation/seismic_shadow_zone_basic_introduction 



@ Slide Guide

Where was the epicenter of this earthquake? (What city/region was it closest to?)
When did the earthquake happen? What was its magnitude?

How many people are estimated to have felt the earthquake?
Which type of boundary is this earthquake related to?

What impact did the earthquake have on the location in which it was felt the
strongest? (buildings, streets, animals, people...)

What additional hazards occurred in addition to the ground shaking?  (tsunamis,
floods, sinkholes, landslides, fires, volcanoes...)

How long did it take the first P-wave to travel to the seismic station in this slide stack?

What are 2 more questions you have about earthquakes that can NOT be answered
with this slide stack?

Extension Questions

1. Seismic waves travel through the earth. Why did you or did you not feel the

earthquake?

If you were going to write a news story on this earthquake, what would the headline
be? HINT: Think about where this earthquake occurred, the impact it had on the
people living in the area, any effects the earthquake had on the area itself.


Presenter Notes
Presentation Notes
#1,2,3: 4-ESS2-2. Analyze and interpret data from maps to describe patterns of Earth’s features. 
ESS2.B: Plate Tectonics and Large-Scale System Interactions  The locations of mountain ranges, deep ocean trenches, ocean floor structures, earthquakes, and volcanoes occur in patterns. Most earthquakes and volcanoes occur in bands that are often along the boundaries between continents and oceans. Major mountain chains form inside continents or near their edges. Maps can help locate the different land and water features areas of Earth. (4-ESS2-2) 
ESS3.B: Natural Hazards  A variety of hazards result from natural processes (e.g., earthquakes, tsunamis, volcanic eruptions). Humans cannot eliminate the hazards but can take steps to reduce their impacts. (4-ESS3-2)


#4: HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity. 
ESS3.B: Natural Hazards Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations.(HS-ESS3-1)
#5: MS-ESS2.A: Earth’s Materials and Systems  The planet’s systems interact over scales that range from microscopic to global in size, and they operate over fractions of a second to billions of years. These interactions have shaped Earth’s history and will determine its future.  & HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to other Earth systems.
ESS2.A: Earth Materials and Systems  Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes. (HS-ESS2-1) (Note: This Disciplinary Core Idea is also addressed by HS-ESS2-2.) 
ESS2.B: Plate Tectonics and Large-Scale System Interactions  Plate tectonics is the unifying theory that explains the past and current movements of the rocks at Earth’s surface and provides a framework for understanding its geologic history. (ESS2.B Grade 8 GBE) (secondary to HS-ESS1-5),(HS-ESS2-1)  
Plate movements are responsible for most continental and ocean-floor features and for the distribution of most rocks and minerals within Earth’s crust. (ESS2.B Grade 8 GBE) (HS-ESS2-1) 

#6 & Ext.1: PS4.A: Wave Properties Geologists use seismic waves and their reflection at interfaces between layers to probe structures deep in the planet. (secondary to HS-ESS2-3) & MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials.


o) Slide Guide s

1. Where was the epicenter of this earthquake? (What city/region was it closest to?)
When did the earthquake happen? What was its magnitude?

How many people are estimated to have felt the earthquake?
What relationship is shown between the seismic hazard map and population density?

Which plates are involved and what type of boundary are they creating?

ok W

What impact did the earthquake have on the location in which it was felt the
strongest? (buildings, streets, animals, people...)

6. What additional hazards occurred in addition to the ground shaking?  (tsunamis,
floods, sinkholes, landslides, fires, volcanoes...)

7. How long did it take the first P-wave to travel to the seismic station in this slide stack?

8. What are 2 more questions you have about earthquakes that can NOT be answered

with this slide stack?
Extension Questions

1. Seismic waves travel through the earth. Why did you or did you not feel the
earthquake?

2. If you were going to write a news story on this earthquake, what would the headline
be? HINT: Think about where this earthquake occurred, the impact it had on the
people living in the area, any effects the earthquake had on the area itself.



Presenter Notes
Presentation Notes
#1,2: 4-ESS2-2. Analyze and interpret data from maps to describe patterns of Earth’s features. 
ESS2.B: Plate Tectonics and Large-Scale System Interactions  The locations of mountain ranges, deep ocean trenches, ocean floor structures, earthquakes, and volcanoes occur in patterns. Most earthquakes and volcanoes occur in bands that are often along the boundaries between continents and oceans. Major mountain chains form inside continents or near their edges. Maps can help locate the different land and water features areas of Earth. (4-ESS2-2) 
ESS3.B: Natural Hazards  A variety of hazards result from natural processes (e.g., earthquakes, tsunamis, volcanic eruptions). Humans cannot eliminate the hazards but can take steps to reduce their impacts. (4-ESS3-2)


#3, 5: HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity. 
ESS3.B: Natural Hazards Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations.(HS-ESS3-1)
#4,6: MS-ESS2.A: Earth’s Materials and Systems  The planet’s systems interact over scales that range from microscopic to global in size, and they operate over fractions of a second to billions of years. These interactions have shaped Earth’s history and will determine its future.  & HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to other Earth systems.
ESS2.A: Earth Materials and Systems  Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes. (HS-ESS2-1) (Note: This Disciplinary Core Idea is also addressed by HS-ESS2-2.) 
ESS2.B: Plate Tectonics and Large-Scale System Interactions  Plate tectonics is the unifying theory that explains the past and current movements of the rocks at Earth’s surface and provides a framework for understanding its geologic history. (ESS2.B Grade 8 GBE) (secondary to HS-ESS1-5),(HS-ESS2-1)  
Plate movements are responsible for most continental and ocean-floor features and for the distribution of most rocks and minerals within Earth’s crust. (ESS2.B Grade 8 GBE) (HS-ESS2-1) 

#7 & Ext.1: PS4.A: Wave Properties Geologists use seismic waves and their reflection at interfaces between layers to probe structures deep in the planet. (secondary to HS-ESS2-3) & MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials.



o) Slide Guide

1. Where was the epicenter and hypocenter of this earthquake? (What city/region was it
closest to? Longitude/latitude/depth?) When did the earthquake happen? What was
its magnitude?

2. What impact did the earthquake have on the location in which it was felt the
strongest? (buildings, streets, animals, people...)

3. Draw the block model of the fault for this earthquake. Overlay a drawing of the focal
mechanism to show how the 2D projection was created. Label it with the type of fault.

4. How are the related tectonic plates involved in creating the nearby boundary?
(Include the type of boundary, and the velocity and name of the plates.)

5. What additional hazards occurred in addition to the ground shaking? (tsunamis,
floods, sinkholes, landslides, fires, volcanoes...)

6. Relate the area’s population density to its seismic hazard level and earthquake
history.
Extension Question

1. What efforts have there been to mitigate impacts from earthquakes? What additional
mitigation efforts should be implemented?
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