6) Magnitude 7.3 vaNuATY, 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 this historical
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. v 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): An additional slide about the city or area that gives you cross-

curricular connections: geography, physics, chemistry, biology, environmental science or even
history.

3. NGSS Connections for 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.


Presenter Notes
Presentation Notes
If you are running this slide deck on a mac you may have trouble with the links, the full URLS are listed here:�
Color-coding for grade levels- Middle School: https://docs.google.com/document/d/1PcTLPrp1Dr1nc0jUGFi03Ni44FUhzdpY32YcFDXiM5s/edit?tab=t.0
Color-coding for grade levels- High School: https://docs.google.com/document/d/1A9qCrAtOxL1sJrCkDwNCMBwBhRm9pw3lFP3C60hpqBE/edit?tab=t.0
Color-coding for grade levels- College: https://docs.google.com/document/d/1YgDZjuXrINA-kcZ6mnDMXJgy3rp7xn-yuyl4Ef-_xw8/edit?tab=t.0

Fill in the blank sub-plans: https://docs.google.com/document/d/1iURX9H_4q2hAIZ5dB4i4jKiyrjQ3g4YZzzMcd6Ki_uE/edit?tab=t.0

https://docs.google.com/document/d/1PcTLPrp1Dr1nc0jUGFi03Ni44FUhzdpY32YcFDXiM5s/edit?usp=sharing
https://docs.google.com/document/d/1A9qCrAtOxL1sJrCkDwNCMBwBhRm9pw3lFP3C60hpqBE/edit?usp=sharing
https://docs.google.com/document/d/1YgDZjuXrINA-kcZ6mnDMXJgy3rp7xn-yuyl4Ef-_xw8/edit?usp=sharing
https://docs.google.com/document/u/0/d/1iURX9H_4q2hAIZ5dB4i4jKiyrjQ3g4YZzzMcd6Ki_uE/edit

Magnitude 7.3 VANUATU Latitude 17.686°S

Tuesday, December 17, 2024 at 01:47:26 UTC Longitude 168.034°E
Depth 57.1 km

VANUATU

A major earthquake struck in the
southwest Pacific Ocean at a depth of
57.1 km (35.5 miles) about 30 km (18
miles) west of Port Vila, the largest city
in Vanuatu. At least 14 people are dead
and hundreds more are injured. The
earthquake caused widespread damage.
Rescuers worked through the night
trying to reach people yelling under the
rubble. A tsunami warning was issued
for the region but was withdrawn less
than two hours later.

Fort-Vila

Widespread damage to communications
and other infrastructure has impeded the
release of official reports.



Presenter Notes
Presentation Notes
For more detail, visit USGS:  https://earthquake.usgs.gov/earthquakes/eventpage/us7000nzf3/executive
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Vanuatu is an archipelago of 83

small islands of volcanic ———
origin which has 113
native languages still
spoken; although, the s e |
official languages are =
Bislama, French and | >
English

eGuide Travel, CC BY 2.0
<https://creativecommons.org/licenses/by/2.0>, via
Wikimedia Commons

Bradwarden at English Wikipedia, CC BY-SA
3.0 <http://creativecommons.org/licenses/by-
sa/3.0/>, via Wikimedia Commons

The economy is driven by agriculture
(coconuts, kava, beef, cocoa and timber, |
and tourism (scuba diving.) One island is
known for its tradition of land diving
(called gol).

By Paul Stein from New Jersey, USA - Pentecost Island Vanuatu, CC
BY-SA 2.0, https://commons.wikimedia.org/w/index.php?curid=10438860
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This tropical environment has been impacted by

its natural hazards which include
» cyclones, volcanic eruptions and
9™ carthquakes. Vanuatu has an
== increasing population which means
pressure on land, fishing,

Graham Crumb/Imagicity.com, CC BY-SA 3.0
<https://creativecommons.org/licenses/by-sa/3.0>,
via Wikimedia Commons

freshwater resources and even job
opportunities. There are also signs
of deforestation from high-value
timber and air and water pollution
around urban areas and large
villages.

ons.org/licenses/by-sa/2.0>, via



ALL

Magnitude 7.3 VANUATU

Tuesday, December 17, 2024 at 01:47:26 UTC

Image courtesy geo-ref.net

Like many South Pacific island nations, Vanuatu has a high
earthquake hazard with a likelihood for destructive

earthquakes. While many earthquakes in the region have
little impact on population due to low population density,
the December 17 earthquake unfortunately occurred
very close to Vanuatu’s capital and largest city.
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The earthquake generated large landslides, damaging and blocking
the road to Port Vila’s international shipping terminal as shown in this
drone video.

Video: Dan McGarry (@ VanuatuDan on X)
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Members of Australia's Federal Police and other rescue workers stand by a collapsed building
in Port Vila, Vanuatu, Thursday, Dec. 19, 2024, following a magnitude 7.3 earthquake that
struck just off the coast of Vanuatu in the South Pacific Ocean, Tuesday, Dec. 17.

(Australian Federal Police via AP)
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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.

16°sS

MMI Perceived Shaking
Extreme
Violent
Severe

Very Strong
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Weak
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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 approximately 83,000 people felt severe
shaking from this earthquake.

MMI Shaking Population
I Not Felt 0k*
| II-III ‘ Weak 1k*
_ Moderate 38k
Vi Strong 20k
VII ‘ Very Strong 8k
Severe 83k

The color-coded contour lines outline regions of MMI intensity.
Violent 1k 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 0k

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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This animation uses the
Interactive Earthquake
Browser (www.iris.edu/ieb)
to examine earthquakes in
the region.

“Time Range” is set for
2004 to present.
“Magnitude Range is set
for > M5.

There have been over
3,330 earthquakes greater
than magnitude 5 in the
past 20 years, and over
17,000 measurable
earthquakes have been
recorded in that same
period.

Red star indicates the
M7.3 earthquake.

@ New Hebrides Trench: 3,000 Earthquakes >M5 between 2004-2024

ki
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DepTH

I_[ 500

Plate
Boundaries

Divergent
Transform
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Undefined ‘

From the IRIS Earthquake Browser (www.iris.edu/ieb)

PaciFic PLate

AUSTRALIA PLATE

M7.3 /*
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Make changes. press Apply.
Maximum earthquakes: 4000

Seled eaﬂhquakesby

ccccc

Earliest Available (c.1970)
2004-1201 (=]
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yyyy-mm-dd
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s < Magnitude < 10
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Data Source:

Apply

'Show plate boundaries: On «

Animate the earthquakes: New!
L s 0
Loop:

|
2004-12-05

Go to a new: [Region / Topic v

View earthquakes as: Table

For a narrated description of the tectonics of the New
Hebrides subduction zone, please see the next slide.
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This narrated animation,
which covers the

tectonic and volcanic This animated short was extracted from the longer
setting of the New

Hebrides, is an extract Tectonics & Earthquakes of the

from a more- New Hebrides Subduction Zone

comprehensive look at
the earthquake history of
this subduction zone.

Australia ™
We recommend

watching the entire e .
animation (link below)
because the Australia
Plate and Pacific plates
converge to form a
back-arc region that is
far more complex and
compelling!

To watch the entire animation, visit:

www.iris.edu/hq/inclass/animation/849

[Link to 7-minute animation www.iris.edu/hg/inclass/animation/849]



https://www.iris.edu/hq/inclass/animation/849
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o

Depth (km)
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The Pacific and Australia plates converge across two major subductlon zones north of New Zealand. At the
Tonga and Kermadec trenches, the Pacific Plate subducts toward the west beneath the Australia Plate. At the
New Hebrides Trench, the Australia Plate subducts toward the east beneath the Pacific Plate and North Fiji
Basin. Rates of plate motions are shown by the yellow arrows and cross sections are shown along the pink
lines. The December 17 earthquake (red star) occurred within the upper part of the Australia Plate in the central
New Hebrides Trench. Tectonics within the area outlined by the purple square are shown on the next slide.
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How Do Earthquakes Help Us Understand Plate
Boundaries?

| (wy)) ydeg

« Using earthquake locations and depths, we can {12s
map the boundary between the Australia and '
Pacific plates (called the megathrust).

« The map shows depth contours (lines) for the
top of the subducting Australia Plate.

* The December 17 earthquake (red star)
happened west of the 50-km depth contour and
at a depth of 57 km.

» This means it was an “intraplate”
earthquake—it occurred within the subducting

Australia Plate itself.

414°5

416°5

s

Why Did It Happen?

« At the New Hebrides Trench, the Australia
Plate bends as it dives under the Pacific Plate.

* Near the surface, it descends at a shallow
angle, but deeper down it bends steeply.

« This bending creates tension in the plate,
causing it to crack and produce "bending
stress" earthquakes, like the December 17
event.

» These types of earthquakes are common in
subduction zones around the world.

B 120°5

= 1225

424°S



Presenter Notes
Presentation Notes
Using locations and depths of thousands of earthquakes, we can determine the depth to the megathrust plate boundary between the Australia and Pacific plates.  The map on the right shows depth contours to the top of the subducting Australia Plate below the plate boundary.  The December 17 earthquake (red star) occurred just west of the 50-km-depth contour.  Given the 57 km depth of the hypocenter, this means the December 17 earthquake is an “intraplate” earthquake that occurred within the top part of the subducting Australia Plate.  ��At the New Hebrides Trench, the Australia Plate initially descends at a shallow angle.  As shown in the inset cross section diagram, the subducting plate arches over, diving at steeper angles with increasing depth.  This bending puts the top part of the subducting plate under tension, and it occasionally fractures to produce intraplate earthquakes such as the December 17 event.  These “bending stress” earthquakes are common in subduction zones worldwide.
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—to00 SN TP 435 o "::’\ H::Zﬁﬁﬂ‘é’?’f?m 21:47:27 W1o) | 00
Earthquakes that occurr within the downgoing ' Eﬁﬁ%i@%ﬁ R
(subducting) slab are often referred to as intraslab \
earthquakes. e
Intraslab earthquakes are seen commonly in ree R
subduction zones around the world. They are : A
caused by the stresses that accumulate in the '
subducting slab as it bends under the overriding
plate. These bending stresses often result in Nl —— m
normal faulting earthquakes, which accommodate g .
extension. o f

Intraslab earthquakes can be damaging, depending
on how deep they occur, with shallower events ;
producing more intense shaking at the surface.

A good analogy for intraslab earthquakes is cracking . =-
your knuckles! When you stretch your knuckles
beyond a certain point, the stresses you impose
cause your knuckles to crack (similar to generating
an intraslab earthquake.

Elevation (km)

-100

-150 T T T T T T -150
0 50 100 150 200 250 300
Distance (km)

Image: Earthquake Insights (12/17/24)

Elevation (km)


Presenter Notes
Presentation Notes
This can be given to high school students as long as you point out the key for each of the images. The image at the bottom shows a cross section of the subduction zone and allows students to look at the depth that earthquakes are occurring.

https://earthquakeinsights.substack.com/p/deadly-mw73-earthquake-shakes-vanuatu

Magnitude 7.3 Vanuatu
Tuesday, December 17,2024 at 01:47:26 UTC

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 stations, 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-precision stations can determine
location within millimeters (<% inch)
rather than 5-10 meters (15-30 feet).

Over time, changing locations allow e
scientists to determine station movement
movement from plate tectonics, which
are shown as vectors (arrows).

almost no
movement

GPS motion key
2.5 cm/yr (~1 inch/yr)


Presenter Notes
Presentation Notes
Background image from Google Maps
Station image from SONEL https://www.sonel.org/spip.php?page=gps&idStation=874 
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Vanuatu, neighboring
Pacific islands, and
Australia have GPS
stations that record the
long term motion from
plate tectonics.

Compared to the main
Pacific plate, stations in
Vanuatu are moving as
much as 7.5 cm/yr (~3
inch/yr) towards the east
and northeast as the
Australia Plate pushes
into the Pacific Plate. . Pacific Plate
Over decades and
centuries this
compression accumulates
and is occasionally s GPS motion key
released in earthquakes 23 LIRS
such as the magnitude 7.3
quake on Dec 17, 2024.



Presenter Notes
Presentation Notes
Background image from Google Maps
Station image from CalTech Tectonics Observatory (http://www.tectonics.caltech.edu/research/canto/gps.html)
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According to the USGS, the preliminary location, depth and focal mechanism of the
event indicate rupture occurred as the result of oblique normal faulting. The
earthquake's depth places it beneath the boundary of the Australia and Pacific
plates in the Coral Sea region, within the subducting Australia Plate. Earthquakes
that occur within a subducted plate, as opposed to at the interface of the plate, are

termed intraslab earthquakes.
Transtension

| P \\ N‘\\ % @ ‘)

| " Focal 2D Projection
/ \ Block model Sphere of Focal Sphere

(extension+shear)
: I
Shaded areas show quadrants of the focal sphere in which the
P-wave first-motions are away from the source, and unshaded
areas show quadrants in which the P-wave first-motions are
\\ toward the source. The letters represent the axis of maximum
: compressional strain (P) and the axis of maximum extensional

strain (T) resulting from the earthquake.
USGS WPhase Centroid Moment Tensor Solution


Presenter Notes
Presentation Notes
Relevant Animation:
Focal Mechanisms Explained: https://www.iris.edu/hq/inclass/animation/focal_mechanisms_explained
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The record of the earthquake in Bend, Oregon (BNOR) is illustrated below.

Bend is 9,897 km (6,150 miles, 89.06° ) from the location of this earthquake.
f

P PP S Surface Waves

S |'Iuj|,-iu- T

i

The first seismic waves to arrive from this earthquake were the compressional
P waves. Following the earthquake, it took 12 minutes and 48 seconds for the
P waves to travel a curved path through the mantle to Bend, Oregon.

P / A
PP is a compressional wave that bounced off the Earth’s surface
/ midway between the earthquake and the recording station.
/

/ T
S waves are shear waves that follow the same path through the mantle as P waves.
S waves took 23 minutes and 33 seconds to travel from the earthquake to Bend.
A
Surface waves traveled the 9,897 km (6,150 miles) along the perimeter
of the Earth from the earthquake to the recording seismometer.

I I I I I I I I I
035 10 15 020 235 0030 0335 40 045 050 M55 01:00
Time (Minutes)


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

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

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

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

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

7. 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
#1,2,3: 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.
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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.
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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?




Teachable Moments are a service of

The EarthScope Consortium

Please send feedback to tammy.bravo@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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