‘@ Teacher Guide

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 + vhiqh school +
vcollege

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
https://docs.google.com/document/d/1iURX9H_4q2hAIZ5dB4i4jKiyrjQ3g4YZzzMcd6Ki_uE/copy
https://docs.google.com/document/d/1iURX9H_4q2hAIZ5dB4i4jKiyrjQ3g4YZzzMcd6Ki_uE/copy
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4 Magnitude 7.4 PHILIPPINES Latitude 7.265°N
Friday, October 10, 2025 at 01:43:59 (UTC) Longitude 126.755°E
Depth 58.1 km

A magnitude 7.4 earthquake occurred

at 9:43 am local time Friday morning

about 3 km (1.9 miles) east of Manay ¢
town in Davao Oriental province at a *
depth of 58.1 km (36.1 miles).

Reports indicate at least seven
people were killed, while towns near
the epicenter suffered structural
damage and authorities warned of
strong aftershocks.

Tsunami warnings were issued for g et
coastal areas within 300 km of the )

epicenter, prompting evacuations in

at least six provinces before being

lifted two hours later. Zamboanga Ciy Davao Gy



Presenter Notes
Presentation Notes
More Information:  https://earthquake.usgs.gov/earthquakes/eventpage/us6000rfwz/executive


Magnitude 7.4 PHILIPPINES
Friday, October 10, 2025 at 01:43:59 (UTC)

In this photo provided by the 10ID DPAO, Philippine Army, residents stand beside a landslide, triggered by a strong
earthquake, hit an area at Pantukan town, Davao de Oro province, southern Philippines on Friday, Oct. 10, 2025.
(101D DPAO, Philippine Army via AP)




Magnitude 7.4 Philippines
Thursday, October 10, 2025 at 01:43:59 UTC

Mindanao Island sits in the Ring of Fire; because of the tectonic
action occurring in this region, Mindanao has 10 mountain ranges
which includes volcanoes. The highest peak on the island goes to
9724 feet, Mt. Apo. Roman Catholic is the dominant religion in
most regions, but has other Christian, and Muslim populations.

The island has 6 regions, one of which is the Davao region. The
Davao Oriental province was the epicenter of this earthquake. Its
economy includes agriculture with Palay (rice with husks), and corn
being dominant crops. Mining and quarrying, education, human
health, and social work have made increases in economic
importance in the last year.

Tourism is also an important industry with beach resorts, scuba
diving, hiking, and visits to museums being the most popular.



Presenter Notes
Presentation Notes
Dahican_Beach,_Mati_City_2.I Travel Philippines. CC2.0
Aliwagwag_Falls,_2018_01.Andrew Gil Desabelle .CC4.0
Subangan_Museum.Way PH.CC2.0
CAG_Skyline_Jan_2018. Chicco111 . cc4.0
Foggy_Morning_At_Panimahawa_Ridge.Theglennpalacio .CC4.0

https://en.wikipedia.org/wiki/Mindanao#Geography
https://rsso11.psa.gov.ph/content/religions-mindanao
https://en.wikipedia.org/wiki/Mindanao#Tourism
https://rsso11.psa.gov.ph/content/davao-orientals-economy-records-40-percent-growth-2024
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Mindanao itself is a highly biodiverse area. The
Davao Oriental province includes the Mount
Hamiguitan Wildlife Sanctuary which became a
UNESCO World Heritage site in 2014. It is 5315 feet
above sea level and includes 5 ecosystems:
agroforest, dipterocarp forest (example image on
the right), montane forest, mossy forest and mossy
pygmy forest. It is home to 1380 species many of
which are endemic.

Critically endangered species include the Philippine
eagle, and cockatoo. The multitude of endangered,
threatened and vulnerable species makes this a
difficult place to visit because there are the
required permits are very limited - even to
scientists.

Habitat loss, hunting and armed conflict on the
Mindanao Island have contributed to loss of
biodiversity and conservation efforts.



Presenter Notes
Presentation Notes
Gallicolumba_criniger_1zz.David J. Stang.CC4.0
Pamarayeg_IIIx2_(cropped).Aimee Valencia.CC4.0
PhilippineCockatoosLastSupper-01122024-SOCMED.Albert Abadicio.CC4.0
Dipterocarp_Forest_at_Danum_Valley_(13997709808).Mike Prince CC2.0 - example of this type of forest

https://whc.unesco.org/en/list/1403/
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The Modified-Mercalli Intensity (MMI) scale is
a ten-stage scale, from | to X, that indicates T
the severity of ground shaking. a0

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

124°E 125°E 126°E 127°E 128°E 129°E



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)


ALL
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The USGS PAGER map shows the population exposed to different Modified Mercalli
Intensity (MMI) levels. The USGS estimates that approximately 30,000 people felt severe
shaking from this earthquake.

MMI Shaking Population
I Not Felt ok*
II-III Weak 1,498 k*
A 0714k
VI Strong 5,967 k
[ VII Very Strong 2,287k
Severe 30k

The color-coded contour lines outline regions of MMI intensity.
Violent Ok The total population exposure to a given MMI value is obtained by
summing the population between contour lines. The estimated
population exposure to each MMI Intensity is shown in the table.

Extreme Ok

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)


Due to its location along subduction zones, the entire country of the Philippines
experiences a quite high seismic hazard. The October 10 earthquake occurred ~80 mi
east of Davao, Mindanao island’s largest city. Thankfully, this region is less densely
populated compared to other regions in the north and west of the country.

Magnitude 7.4 PHILIPPINES
Friday, October 10, 2025 at 01:43:59 (UTC)
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Presenter Notes
Presentation Notes
Population Density Map (https://commons.wikimedia.org/wiki/File:Philippines_Population_Density_Map.svg)
Seismic Hazard Map (https://maps.openquake.org/map/gshm-2023-1/#5/10.639/123.925)
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Friday, October 10, 2025 at 01:43:59 (UTC)

Historical seismicity 2000—-2025 in the region of the October 10, 2025 earthquake,
with location marked by white star. Image on the left shows earthquakes >M7;
Image on the right shows earthquakes >M5 for the same period.

Earthquakes are
color coded by
depth as shown by
the legend

between the maps.

Depths of
earthquakes
increase from east
to west across the
subduction zone
boundary between
the Philippine Sea
and Sunda Plates.

Created using the
Interactive Earthquake
Browser (IEB)
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Presenter Notes
Presentation Notes
Exploring Seismicity:
Interactive Earthquake Browser—World map or 3D viewer http://www.iris.edu/ieb
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Presentation Notes
https://www.usgs.gov/media/images/pacific-plate-boundaries-and-relative-motion
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The Philippines are in a very tectonically active
region with subducting oceanic plates along

both the east and west sides of the archipelago.
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The October 10 Mag 7.4 earthquake occurred
along the Philippine Trench subduction zone on

the east side of the island chain.

Cotobato Arc

Philippine Fault

Philippine Trench

Cotobato Trench
N i
(v a
; 1N \ NN N Y
- v ] , ,
. :‘T"—fp CELEBES 1N 3 | Philippine Mobile Belt
1 ﬁ SEA & 9-% (the archipelago) &
[ =100 ® >
" BORNEO"™, £ &
3 . h o 2 &
L, S
. &
[
3_“}) Jf_fﬂmﬂw §
e 5
L .{- P =f"Jnfu._u\“.r—.. PR R R T R S S A S T TR S 4200 km -
116°E 118°E 120°E  122°E  124°E



Presenter Notes
Presentation Notes
Images downloaded from Wikipedia (https://en.wikipedia.org/wiki/Subduction_tectonics_of_the_Philippines#/media/File:Tectonic_map_of_Philippines.png) By LkwkarenHKU - Modified from:(1) Shear partitioning in the Philippines: Constraints from Philippine Fault and global positioning system data - Scientific Figure on ResearchGate. Available from: https://www.researchgate.net/figure/Major-tectonic-elements-of-the-Philippine-region-MT-Manila-Trench-LT-East-Luzon_fig6_229713486 [accessed 12 Oct, 2019](2) David, S (1997-08-10). "Geology and tectonic history of Southeastern Luzon, Philippines". Journal of Asian Earth Sciences. 15 (4–5): 435–452. doi:10.1016/s1367-9120(97)00027-8. ISSN 1367-9120.(3) Hall, Robert (1987). "Plate boundary evolution in the Halmahera region, Indonesia". Tectonophysics. 144 (4): 337–352. doi:10.1016/0040-1951(87)90301-5. ISSN 0040-1951., CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=82977387

https://en.wikipedia.org/wiki/Subduction_tectonics_of_the_Philippines#/media/File:Cross_section_in_the_Philippines.png


Friday, October 10, 2025 at 01:43:59 (UTC)
Regional Tectonic Plate Motions 7%,

The Philippines have GPS stations that
record the long term motion from plate
tectonics. 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. With
signals from 4 or more stations, it can
determine its location and velocity.

Compared to stable parts of the
Eurasian Plate, stations near the the
epicenter more moving northwest at
>5.5 cm/yr (>2 inch/yr) as the Philippine
Plate pushes northwestward. Stations
on the western side of the country
move much slower.

Over decades and centuries this
compression accumulates and is
occasionally released in earthquakes
such as the Mag 7.4 earthquake on
October 10, 2025.
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Presenter Notes
Presentation Notes
Background image from Google Maps
GPS/GNSS measured plate motions from the GPS Velocity Viewer - https://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer.html (Eurasian reference frame data source)
Station image from Philippine Active Geodetic Network (https://pagenet.namria.gov.ph/AGN/2021PMAT.aspx) 
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The focal mechanism is how seismologists plot the 3- I*l'é\ltﬁé Reve rse Fa u |t

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 ﬁ@ :

is compressional (shaded) and quadrants where the =

first pulse is extensional (white). The orientation of

these quadrants determined from recorded seismic « In a reverse fault, the block above the fault

waves determines the type of fault that produced the (the hanging wall) moves up relative to the
rthauak block below the fault (foot wall). This motion

carthquake. is caused by compressional forces and results

\ in shortening. Itis called a thrust fault if the

dip (slope) of the fault plane is small.
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USGS W-phase Moment Tensor Solution

Focal 2D Projection
Sphere of Focal Sphere

The tension axis (T) reflects the minimum compressive stres Block model
direction. The Pressure axis (P) reflects the maximum
compressive stress direction.
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Presentation Notes
Focal Mechanisms Explained:
https://www.iris.edu/hq/inclass/animation/focal_mechanisms_explained
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120- The record of the earthquake in Portland, Oregon (DAX) is illustrated below.
Portland is 10,989 km (6,828 miles, 99°) from the location of this earthquake.
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704 Following the earthquake, it took 13 minutes and 33 seconds for the compressional
" P waves to travel a curved path through the mantle to Portland, Oregon.
60- /7 v
a PP is a compressional wave that bounced off the surface
50 midway between the earthquake and the recording station.
a4 A
a0 S and SS waves are shear waves that follow the same path through

the mantle as P and PP waves, respectively. S waves took 24 minutes

304 and 59 seconds to travel from the earthquake to Portland.
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Presenter Notes
Presentation Notes
Relevant Animation:
Where do travel-time curves come from? http://www.iris.edu/hq/programs/education_and_outreach/animations#K


@ 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?

v 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

Exterﬂii%tr? IrdUestion

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




Teachable Moments are a service of

The EarthScope Consortium

Please send feedback to gillian.haberli@earthscope.org

To receive automatic notifications of new Teachable Moments
send a blank email to earthquakes+subscribe@earthscope.org
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These resources have been developed as part of the SAGE facility operated by the EarthScope Consortium
via support from the National Science Foundation.
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