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Newsletter Milestone
By Harvey Jong
This newsletter marks the 100th edition of
Earthquake, the e-publication about our
efforts to help reopen a Phoenix area
museum dedicated to Earth science
education.
Reaching such a milestone
usually warrants a special review of the
project’s progress and future prospects.
Unfortunately, there really isn’t much to
report given the disruption of the ongoing
pandemic along with the prior challenges of
attracting attention and resources for a new
museum.
So, to commemorate this occasion, I’ll turn
to the newsletter’s namesake for a little
inspiration and focus on earthquakes.
Specifically, this article will feature the 1964
Great Alaska Earthquake, the largest
recorded earthquake in U.S. history.
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USGS map

The epicenter (indicated by the red star)
of the Great Alaska Earthquake was about
12 miles north of Prince William Sound and
74 miles east of Anchorage

USGS photo – PD, via Wikimedia Commons

Damage to Anchorage’s Fourth Avenue
Caused by the Great Alaska Earthquake
The Alaska tremblor represents a significant
geological event not only for the incredible
9.2 magnitude, but also for its pivotal role
in the acceptance of the then-fledgling
theory of plate tectonics. Overall, the
earthquake and ensuing tsunami resulted in
131 deaths and caused about $311 million in
property damage (1964 dollars, currently
equivalent to $2.6 billion). In 2014, the
USGS produced the following short, four
minute video which documents the quake’s
profound and lasting impact:
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https://www.usgs.gov/media/videos/magnit
ude-92-1964-great-alaska-earthquake
I hope you enjoy the video and that it might
offer a subtle reminder that the Arizona
Mining, Mineral, and Natural Resources
Education Museum represents a unique
opportunity to make a tremendous, lasting
impact on Earth science education. I also
want to express my deep gratitude for
everyone’s support and involvement in the
long, nearly 10 year continuing mission of
the ESM. Thank you!!!
Plate Tectonics Theory: A Brief History
https://www.iris.edu/hq/inclass/animation/
plate_tectonic_theorya_brief_history
In the year 1596, cartographer Abraham Ortelius
noted that the coastlines of Africa and South
America appeared to fit together (I remember
noting this also the first time I saw a world map,
how about you?), compelling him to propose that
the continents had once been joined but were
pulled apart by "earthquakes and floods."
And yet, the theory of plate tectonics represents
a fairly young science. The "Father of Plate
Tectonics",
Alfred
Wegener
proposed
"Continental Drift" in 1912, but was ridiculed by
fellow scientists. It would take another 50 years
for the concept to be accepted.
Important contributions to Plate Tectonics theory:
1596 Recognition of the plates having moved
1858 Correlating rock type and fossils across the
continents
1872 Mapping the Atlantic Mid-ocean Ridge
1896 Discovery of radioactivity (Earth's interior is
hot)
1897–1911 Delineating Earth's layered interior
1912 Alfred Wegner proposes "Continental Drift"
1927 Convection of mantle could drive the plates
1953 Marie Tharpe recognizes mid-ocean ridge
spreading
1962 Harry Hess names "Spreading ridges"
1963 Magnetic striping of ocean floor gives relative
ages
1963 Hot spots defined; transform faults.
1960s defined the driving forces of plate tectonics

Earthquake
Earthquake Monitoring
By Harvey Jong
A key development after the 1964 Great
Alaska Earthquake involved updating and
expanding
the
seismic
monitoring
capabilities of the United States. A national
seismic system network was created which
provides
near
real-time
earthquake
information. This data has been used in
assessing earthquake hazards and in
improving the earthquake resistance of
buildings and other structures.
To gain a better understanding of what’s
involved in earthquake monitoring, this
article will begin with an overview of
earthquake characteristics.
Earthquakes
involve a sudden release of energy that
results in the shaking and displacement of
the Earth’s surface. Seismic waves created
by this energy release travel either through
the Earth’s interior as body waves or across
its surface as surface waves.
Key attributes of seismic waves include
propagation velocity; direction; amplitude;
and frequency.
These properties are
affected by the density and elasticity of rock
layers. Body waves are designated as either
primary waves (P-waves) or secondary waves
(S-waves).
P-waves involve compression in the same
direction that the wave is propagating.
These waves travel faster than other waves
through the Earth and are the first to arrive
at seismic stations. As a result, they are
called “primary”. Velocities typically range
from 5 to 8 kilometers/second (11,185 to
17,895 miles/hour), while frequencies may
vary from 0.5 to 20 Hertz. The associated
ground motions also follow the direction of
propagation.
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Diagram – PD, via USGS.gov

USGS diagram modified by Hardwigg – PD, via
Wikimedia Commons

This Earth cross section shows the complex
paths of seismic waves.
Solid lines
indicate P-waves, while S-waves are
marked with dashed lines. Note that Swaves do not travel through the core since
it is a molten state. S-waves, however,
may be converted to compression waves
(labeled with “K”).
Secondary waves (S-waves) are related to
shear and move perpendicular to the
direction of propagation.
S-waves are
slower than P-waves, and their velocities are
typically 60% of that of P-waves.
The
frequency range of S-waves is similar to Pwaves, but the amplitude is generally larger.
The up and down ground motion can cause
much of the damage associated with
earthquakes.
The difference in the arrival times of P- and
S-waves can be used to determine the
distance to a seismic event.
An
earthquake’s epicenter (the location on the
Earth’s
surface
directly
above
the
earthquake’s point of origin or focus) is
calculated with data from three or more
synchronized seismic stations.

Triangulation is used to find the epicenter
of an earthquake.
The green dots
represent the location of seismic stations,
while the circles indicate the calculated
distance to the earthquake. The location
of the epicenter is where all the circles
intersect.
Seismic waves are monitored using an
instrument called a seismometer which
detects ground motion.
A simple
seismometer may be constructed using a
weight attached to spring, and a
seismograph consists of a seismometer
combined with timing and recording devices.

Graphic by Dollynarak – FAL copyleft, via Wikimedia
Commons
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This is a basic horizontal motion
seismograph where the round weight
holding a recording pen remains in place
due to its inertia, while the base moves
back and forth in response to ground
motion.
Around the time of the Great Alaska
Earthquake, seismographs recorded ground
motions by using a light beam controlled by
a mirror to expose photographic paper.

Photo courtesy of Saint Louis University, Earthquake
Center

This is a photographic recorder drum of a
Sprengnether Instruments seismograph
which was used in the 1960s.
There were no seismographs in southern
Alaska at the time of the 1964 quake. An
instrument at the University of Alaska at
College near Fairbanks (about 229 nautical
miles north of the quake epicenter) did,
however, record the following seismograms:

2003 Jack Townshend photo, from USGS.gov

The top seismogram shows the initial
arrival of the P-wave (indicated by the red
arrow), but no further details were
recorded since the light beam moved so
quickly that the photographic paper did
not receive enough light. Aftershocks in
the days following the quake did register.
Note that each line corresponds to a 60
minute interval.
Located approximately 2200 nautical miles
from the epicenter, the Tucson Magnetic and
Seismological Observatory recorded the
following seismogram:

Seismogram courtesy of Incorporated Research
Institutions for Seismology (IRIS)
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This seismogram of the 1964 Great Alaska
Earthquake was recorded at the Tucson
Magnetic and Seismological Observatory.
The seismic station is located 27.2 km
(16.9 mi.) from Tucson on the south flank
of the Santa Catalina Mountains.

greater than 2.5. This information can be
viewed at the following web page:
https://earthquake.usgs.gov/earthquakes/m
ap

The aftermath of the 1964 earthquake led to
the installation of an extensive earthquake
monitoring network in Alaska. In 1987, the
Alaska Earthquake Center was established as
partnership between the USGS and the
University of Alaska Fairbanks. The center
has continued expanding this network and
recently adopted some of the seismic
stations that were part of the EarthScope
Project’s USArray.

Advanced National Seismic System
https://www.usgs.gov/naturalhazards/earthquake-hazards/anss-advancednational-seismic-system

Alaska Earthquake Center map

Expansion of Alaska’s Seismic Network

References:

Alaska Earthquake Center
https://earthquake.alaska.edu/
1964 Alaska Earthquake Seismograms
https://earthquake.usgs.gov/earthquakes/e
vents/alaska1964/1964seismogram.php
1964 Great Alaska Earthquake and Tsunamis
https://pubs.usgs.gov/fs/2014/3018/pdf/fs2
014-3018.pdf

https://earthquake.alaska.edu/

On average, the Alaska Earthquake Center
detects an earthquake every 15 minutes. It
is interesting to note that 75 percent of all
U.S. earthquakes with magnitudes larger
than five occur in Alaska.
Alaska’s seismic network is part of the
Advanced National Seismic System (ANSS).
Every 24 hours, the ANSS creates an
earthquake map and list with magnitudes

The Alaska Earthquake Center at the University of
Alaska reported over 2,653 earthquakes on January
29, 2021, since the beginning of the year.
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Arizona Rocks
Text by Ray Grant
Maps from Arizona Geological
Survey

Earthquakes shake things up and the
“Earthquake” newsletter wants to shake up
earth science education. To celebrate the
100th issue of the Earth Science Museum’s
newsletter, a quick look at earthquakes in
Arizona. The Arizona Geological Survey has a
lot
of
information
about
Arizona
Earthquakes. On its website, you can go to
the Center for Natural Hazards and then
down to earthquakes. You will find a number
of reports and lots of information about
Arizona Earthquakes.
There are hundreds of earthquakes every
year in Arizona but only a very few can be
felt. On the night of November first, 2015,
there was a moderate earthquake near Black
Canyon City that was reportedly felt by
millions of people in the Phoenix area.

Earthquake Hazard Zones in Arizona
AZ Geological Survey

The major Arizona earthquake areas are in
Coconino, Yavapai, and Yuma Counties, see
the attached maps. I can’t find a record of
anyone being killed in Arizona by an
earthquake, but they have caused some
damage. The most damage has been in the
Yuma area because it is close to the San
Andreas Fault and other faults in Southern
California. Flagstaff had some damage from
a number of earthquakes in the early 1900s.
And in 1887 there was a large earthquake in
Sonora, Mexico that killed about 60 people in
Mexico and caused considerable damage in
southeastern Arizona.
Congratulations and thanks to the
“Earthquake” newsletter and its editor
Shirley Coté – keep shaking things up!

Historic Earthquakes in Arizona
AZ Geological Survey
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ALL ARIZONA GEM SHOWS MAY
BE CANCELED DUE TO HEALTH
CONCERNS!

AZ Mining, Mineral & Natural
Resources Education Museum
Update January 2021
https://ammnre.arizona.edu/
Catie Carter Sandoval
cscarter@email.arizona.edu
703.577.6449

Help support the museum at:
http://tinyurl.com/SupportMM-NREMuseum
Catie reports that she will meet with
Phoenix city officials to discuss the
possibility of providing an exhibit at City
Hall.
Meanwhile, please enjoy these photos from
the museum collection.

Tucson Gem and Mineral Society
TUCSON GEM AND MINERAL SHOW®
February 11-14, 2021
Tucson Convention Center
260 S. Church Ave.
Tucson, AZ
The following website lists rock shows in
Arizona that are planned to take place in
early 2021.
https://www.rockandmineralshows.com/loc
ation/mineral-shows/arizona

The “Clarkdale Rocks 202!” show is
sponsored by the Mingus Gem & Mineral Club

Dendritic Native
Copper
MM-P958
S. Celestian photo

Calcite
MM-U534
S. Celestian photo
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Parent/Teacher Resource Page 1
https://earthly-musings.blogspot.com/ - Travel and geology blog
https://all-in-a-days-karma.blogspot.com/
“I offer outdoor educational adventures such as geology-themed river trips in the Grand Canyon,
the American Southwest and around the world. I also give lectures and have written and
published many award-winning books. - Education is my passion; Earth is my playground;
Landscape is my home”.
http://www.wayneranney.com/books.html

https://www.neefusa.org/education/eeweek

NATIONAL ENVIRONMENTAL EDUCATION FOUNDATION (NEEF)
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Parent/Teacher Resource Page 2
https://education.agu.org/teachers/
American Geophysical Union (AGU)
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Pinal Museum and Club News
351 N. Arizona Blvd., Coolidge, AZ

Pinal Gem and Mineral Club meeting
February 17, 2020, live on YouTube
www.pinalgeologymuseum.org
Ray Grant raycyn@cox.net.

Pinal Geology and Mineral Museum will be closed
until further notice due to the health emergency.
Please enjoy our expanding website until we reopen.
www.pinalgeologymuseum.org
New content is being added weekly!
Here are photos of two of the cases the Earth Science Museum gave us, painted and set up (no
exhibits yet). There are Flagg Mineral Foundation cases up on the wall behind them.
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ALL ARIZONA CLUB MEETINGS ARE LIKELY C NCELED
DUE TO HEALTH CONCERNS!

Apache Junction Rock & Gem Club

Meetings are on the 2nd Thursday
Next Meeting: 2021, 6:30 pm
www.ajrockclub.com
@ Club Lapidary Shop
2151 W. Superstition Blvd., Apache Jct.

Pinal Gem & Mineral Society
Meetings are on the 3rd Wednesday
Next Meeting: February 17, 2021, 7:00 pm on
YouTube go to their website for more info
www.pinalgemandmineralsociety.org
@ Artisan Village
351 N. Arizona Blvd., Coolidge

Daisy Mountain Rock & Mineral Club
Meetings are on the 1st Tuesday
(unless a Holiday then 2

nd

Tuesday)

Next Meeting: February 2, 2021, 6:30 p.m.
Please go to their website for more info
www.dmrmc.com
@ Anthem Civic Building
3701 W. Anthem Way, Anthem, AZ

West Valley Rock & Mineral Club

Meetings are on the 2nd Tuesday
Next Meeting: February 9, 2021, 6:30 pm
On Line and in person
www.westvalleyrockandmineralclub.com
@ Painted Desert Academy
2400 S. 247th Ave., Buckeye, AZ

Maricopa Lapidary Society, Inc
Meetings are on the 1st Monday
(unless a Holiday then 2

nd

Monday)

Next Meeting: 2021, 7:00 pm
www.maricopalapidarysociety.com
@ North Mountain Visitor Center
12950 N. 7th St., Phoenix

Mineralogical Society of Arizona
Meetings are on the 2nd Thursday
rd

(September meeting on the 3 Thursday)

Next Meeting: February 11, 2021, 7:30 pm
www.msaaz.org
Zoom Meeting - Register on MSA website

White Mountain Gem & Mineral Club
Meetings are on the 1st Sunday
(unless a Holiday then 2

nd

Sunday)

Next Meeting: 2021, 1:00 pm
www.whitemountain-azrockclub.org
@VFW Hall
381 N. Central, Show Low

Wickenburg Gem & Mineral Society
Meetings are on the 2nd Friday
st

(February & December on the 1 Friday)

Next Meeting: 2021, 7:00 pm
www.wickenburggms.org
@ Coffinger Park Banquet Room
175 E. Swilling St., Wickenburg
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ESM’s Meeting Notice
ESM’s next meeting will be at North
Mountain Visitor Center, 12950 N. 7th
St., Phoenix, on Tuesday, TBA 2020, at 6:30
p.m.

BECOME A MEMBER!
Join the Earth Science Museum’s

MANY THANKS TO OUR MAJOR
DONORS!
AZ Leaverite Rock & Gem Society
Flagg Mineral Foundation
www.flaggmineralfoundation.org

Friends of the AZ Mining & Mineral Museum
Maricopa Lapidary Society
http://maricopalapidarysociety.com/
Mineralogical Society of AZ
www.msaaz.org

Payson Rimstones Rock Club
Sossaman Middle School
White Mountain Gem & Mineral Club
www.whitemountain-azrockclub.org

Wickenburg Gem & Mineral Society
http://www.wickenburggms.org
www.facebook.com/pages/Wickenburg-Gemand-Mineral-Society/111216602326438

Staples Foundation
www.staplesfoundation.org

IS IT TIME TO RENEW YOUR MEMBERSHIP?
Please renew today! 
_ _ _ _ _ _ _ _ cut here _ _ _ _ _ _ _ _ _
ESM Earth Science Investigation
Team Membership Form
_____ New Member
_____ Renewal
Membership levels:
_____ ESI Family $20
_____ ESI Individual $10
Membership benefits:
 Monthly e-newsletter Earthquake
 Official team membership card
 Knowledge that your contribution is
making a difference in earth science
education.

Anita Aiston
Peter & Judy Ambelang
Stan & Susan Celestian
Russ Hart
Will & Carol McDonald
Debbie Michalowski
Janet Stoeppelmann
Dennis & Georgia Zeutenhorst

_ _ _ _ _ _ _ _ _ cut here _ _ _ _ _ _ _ _ _
Name:
______________________________________
Address:
______________________________________
City, State, Zip:
______________________________________
Email:
______________________________________
Phone Number:
______________________________________
Mail form & payment to: Earth Science Museum
3215 W. Bethany Home Rd., Phoenix, AZ 85017
For Office Use Only
Card given/mailed: __________________________
Database updated:  Distribution Lists updated: 
Card ID # ___________ Expires: ________________
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Earth Science Museum
3215 W. Bethany Home Rd.
Phoenix, AZ 85017
Phone:
602-973-4291

Mission
Our Mission is to excite and inspire all generations about earth
sciences through educational outreach.
Vision
We envision a community where students and the general
public have curiosity about, passion for, and understanding of
the underlying principles of earth sciences.

Editor E-Mail:
scote@earthsciencemuseum.org

For more information about the ESM,
how to become a member or how to
arrange for a school visit or
Community function, go to:
www.earthsciencemuseum.org.

We’re on the Web!
Visit us on

and at:

www.earthsciencemuseum.org

NOTICE:
ESM’s next meeting will be at North Mountain
Visitor Center, 12950 N 7th St, Phoenix, on Tuesday,
TBA 2020, at 6:30 p.m.

THANK YOU FOR YOUR CONTINUING INTEREST & SUPPORT!!!

EARTH SCIENCE MUSEUM
NON-PROFIT BOARD OF DIRECTORS
Harvey Jong
Mardy Zimmermann
Shirley Coté

President
VP Outreach
Secretary/
Treasurer

Cindy Buckner, Doug Duffy, Ray Grant,
Bob Holmes, Chris Whitney-Smith

Earth Science Museum
3215 W. Bethany Home Rd.
Phoenix, AZ 85017

