











Visualization Lab: Earthquake Viewer

The rotating earth will appear on the projection screen and provide visitors with an
opportunity to view the earth from various angles, from the inside and outside.

Begin with the [VR Device Daemon] running (double click to activate).

Double click the [Visualizations] folder.

Double-click the [Earthquake Viewer - Joystick] to select. (Note: [Earthquake Viewer —
Space Navigator] is another option which some operators may find preferable. This
option utilizes the Space Navigator user input device and is still being investigated for
effective use.)

You will need to move the mouse beyond the right-hand border of the “Computer
Monitor” until it appears on the Projection Screen.

Use the Left and Right “buttons” of the mouse to select various operations within the
Earthquake Viewer.

Choose [Rendering Modes] = [Surface Transparent] to see inside the planet

earth.

Choose [Rendering Modes] - [Show Inner Core] and [Show Outer Core] to discuss
the inner workings of the earth (see also “Structure of the Earth” document).

Choose [Rendering Modes] = [Show Earthquake Data] to see the USGS earthquake
data set. Each colored dot represents the focal point (foci) of an earthquake recorded
by seismometers located around the planet (see also “Earthquakes” document in the
Additional Resources section of your Docent Manual).

Interactive Globe Show Surface
Rendering Modes — Surface Transparent
Rotate Earth Show Grid
Center Display Show Earthquake
Show Render Dialog Data
Show Animation Show Outer Core
Dialog Outer Core
Transparent
Show Inner Core
Inner Core
Transparent
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Stop the Earth from Rotating
To stop the earth from rotating:

e You will need to move the mouse beyond the right-hand border of the “Computer
Monitor” until it appears on the Projection Screen.

e Right click once to display the menu and choose [Rotate Earth] which is second from
the top. This will start and stop rotation (it is a toggle switch).

Using the Mouse to Move the Globe (Recommended)

Using the mouse seems to be the easiest way to rotate the globe and focus on a particular
location on the earth. To do this, simply hold down the left side of the mouse while moving
the globe to the position you want. You will probably want to stop the earth from rotating

before you do this, otherwise you will quickly lose your location.

Earthquakes

An earthquake is the result of a sudden release of energy in the Earth's crust that creates
seismic waves. Earthquakes are recorded with a seismometer, also known as a seismograph.
The moment magnitude of an earthquake is conventionally reported, or the related and
mostly obsolete Richter magnitude, with magnitude 3 or lower earthquakes being mostly
imperceptible and magnitude 7 causing serious damage over large areas. Intensity of
shaking is measured on the modified Mercalli scale.

At the Earth's surface, earthquakes manifest themselves by a shaking and sometimes
displacement of the ground. When a large earthquake epicenter is located offshore, the
seabed sometimes suffers sufficient displacement to cause a tsunami. The shaking in
earthquakes can also trigger landslides and occasionally volcanic activity.

In its most generic sense, the word earthquake is used to describe any seismic event—
whether a natural phenomenon or an event caused by humans—that generates seismic
waves. Earthquakes are caused mostly by rupture of geological faults, but also by volcanic
activity, landslides, mine blasts, and nuclear experiments.

An earthquake's point of initial rupture is called its focus or hypocenter. The term epicenter
means the point at ground level directly above this.

Earthquake Data Set

The Earthquake Viewer data set represents earthquake “foci” (or hypocenters) from 1940
through 2005.
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Earthquake data points shown range between magnitude 5 — 9 (on the Richter Scale):

e Yellow= 5.0
e Green = 6.0
o Blue = 7.0
e Magenta= 8.0
° Red = 90

Throughout recorded history there have been five 9.0 or greater earthquakes:

1. Chile May 22, 1960 9.5
2. Prince William Sound, Alaska  March 28, 1964 9.2
3. Andreanof Islands, Aleutian Islands  March 9, 1957 9.1
4. Kamchatka Nov. 4, 1952 9.0

5. Off western coast of Sumatra, Indonesia Dec. 26, 2004 9.0

Discuss Pangea: Pangea was the supercontinent that existed during the Paleozoic and
Mesozoic eras about 250 million years ago, before each of the component continents were
separated into their current configuration.

Ask: Why do these earthquakes appear to line up2 Answer: Tectonic plate boundaries
Richter Scale

The Richter magnitude scale, or local magnitude ML scale, assigns a single number to
quantify the amount of seismic energy released by an earthquake. It is a base-10
logarithmic scale obtained by calculating the logarithm of the combined horizontal
amplitude of the largest displacement from zero on a seismometer output.

Events with magnitudes of about 4.6 or greater are strong enough to be recorded by any of
the seismographs in the world.

The following describes the typical effects of earthquakes of various magnitudes near the
epicenter. This table should be taken with extreme caution, since intensity and thus ground
effects depend not only on the magnitude, but also on the distance to the epicenter, the
depth of the earthquake's focus beneath the epicenter, and geological conditions (certain
terrains can amplify seismic signals).

Exhibits of the Thomas J. Long Foundation Education Center
Page 47



Description

Richter

Earthquake Effects

Frequency of

Magnitudes Occurrence
Micro Iée(s)s than Microearthquakes, not felt. About 8,000 per day
Minor 2.0-2.9 Generally not felt, but recorded. About 1,000 per day
Minor 3.0-3.9 Often felt, but rarely causes damage. 49,000 per year (est.)
. Noticeable shaking of indoor items, rattling noises.
Light 4.0-4.9 Significant damage unlikely. 6,200 per year (est)
Can cause major domqge to poor|y constructed
Moderate | 5.0-5.9 buildings over small regions. At most slight damage to | 800 per year
well-designed buildings.
Strong 6.0-6.9 Can bg destructive in areas up o about 100 miles 120 per year
across in populated areas.
Maijor 7.0-7.9 Can cause serious damage over larger areas. 18 per year
Great 8.0-8.9 Cc.1|n cause serious damage in areas several hundred 1 per year
miles across.
Great 9.0-9.9 Devastating in areas several thousand miles across. 1 per 20 years
Great 10.0+ Never recorded. Extremely rare

(Unknown)

(Based on U.S. Geological Survey documents.)

Seismometers

Seismometers (in Greek seismos = earthquake and metero = measure) are used by
seismologists to measure and record the size and force of seismic waves. By studying seismic
waves, geologists can map the interior of the Earth, and measure and locate earthquakes
and other ground motions. Seismograph is often interchangeable with seismometer.
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Running the Animation

You can show visitors the earthquakes as they occur in various time scales. The earthquakes
are indicated by the small colored data point “lighting up” as the time passes.

Interactive Globe

Rendering Modes Surface Transparent
Rotate Eqrth Grid Transparent
Center Display Outer Core Transparent
Show Render Dialog > Earthquake Point Size
Show Animation

Dialog

First, set earthquake point size smaller
o Choose [Show Render Dialog] - [Earthquake Point Size]
o Use slider to drag to left
Next, open Animation Dialog
e Choose [Playback]
o Default settings are 1 second = 1 year

Ask: Why are there only earthquakes indicated in North America from 1940 — 19632
Answer: Because seismometers were not placed around the globe until nuclear testing was of
concern!

Things to Point Out

e Earthquakes go down ~700 km, they stop here because below this the Earth is
composed of different materials.

o Notice the subduction zones (thick and deep) versus the spreading zones (thin and
shallow). Mention transform fault zones, where the plates slide next to each other.
Use San Andreas fault as an example.

e Earthquakes can occur both on plate boundaries as well as within a plate.
Approximately 90 percent of earthquakes occur along plate boundaries while 10
percent occur within a plate.

The Crust.
The outermost layer of the Earth is the crust. It has variable thickness and comprises the

continents (35-70km thick) and ocean basins (5-10km thick).
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The Mantle.

The layer beneath the crust which extends down approximately 1,800 miles is the mantle.
This layer is composed mainly of ferro-magnesium silicates and is where most of the internal
heat of the Earth is located. Large convective cells in the mantle circulate heat and may drive
plate tectonic processes. Earth's crust floats on the mantle much as a board floats in water.
Just as a thick board would rise above the water higher than a thin one, the thick continental
crust rises higher than the thin oceanic crust. The slow motion of rock in the mantle moves the
continents around and cause earthquakes, volcanoes, and the formation of mountain

ranges.

The Core.

At the center of Earth is the core, which is separated into the liquid outer core and the solid
inner core. The outer core is 2300 km thick and the inner core is 1200 km thick. The inner
core is about four-fifths as big as Earth's moon. The outer core is composed mainly of a
nickel-iron alloy, while the inner core is almost entirely composed of iron. Earth's magnetic
field is believed to be controlled by the liquid outer core.

Point out the Hawaiian Islands.

Ask: Hawaii is not located on a plate boundary yet experiences earthquakes and volcanoes.
Why is this2 Answer: Hawaii is located on a hotspot, a stationary spot within a plate
boundary that allows magma to erupt. As the plate moves, new landforms are created along
the path of the hotspot. This also occurs in Yellowstone in the form of hot springs and
geysers.

Find the Cascadia subduction zone.

This stretches from Mendocino (central California coast) to the British Columbia coast. It has
the potential to create a tsunami as large as the 2004 Indonesian tsunami in the event of a
9.0 earthquake with very litfle warning time.

Ring of fire.
The Pacific Ring of Fire is an area of frequent earthquakes and volcanic eruptions encircling
the basin of the Pacific Ocean.

Mid-Atlantic ridge.

This ridge dissects the Atlantic Ocean and is splitting through the center of Iceland. Known
as a spreading center, it is where new crust is formed at a rate of 5-10 cm per year. The
Mid-Atlantic Ridge is part of a 40,000 km long essentially continuous system of mid-ocean
ridges on the floors of all the Earth’s oceans.

Aleutian Island Arc.
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The Aleutian Islands are a chain of more than 300 small volcanic islands forming an island
arc in the Northern Pacific Ocean. It extends from the Alaska Peninsula to the Kamchakta
Peninsula in Russia.

Mariana Trench.

Located north of Papua New Guinea and south of Japan, this is the deepest trench in the
world at .86 miles deep.

Discuss what you see.

Zoom in and out.

For additional information, see the Geology Section of your Docent Manual (located in
Additional Resources) for details about the Structure of the Earth and Earthquakes.
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Map Of The World's Tectonic Plates

Aleutian Island Arc Cascadia Subduction Zone

Mariana Trench

Hawaiian Islands
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Visualization Lab: Lake Tahoe Digital Elevation Model (DEM)

A Digital Elevation Model (DEM) is a digital cartographic/geographic dataset of elevations
in XYZ coordinates. The complete DEM for the Lake Tahoe Basin was created using data
from the USGS quadrangles and the bathymetric elevation model. In this visualization, the
vertical axis has been exaggerated (vertical exaggeration) for better viewing. Additionally,
on the land surface the IKONOS satellite image has been “draped” over the topography of
the basin so that you can see land features as if viewing these from above.

This visualization was produced by the UC Davis Institute for Data Analysis and
Visualization (IDAV) with special assistance provided by Dr. Oliver Kreylos.

Begin with the [VR Device Daemon] running (double click fo activate).

Double click the [Visualizations] folder.

Double-click the [Lake Tahoe DEM] to select.

Visualization starts from a location similar to that of the Tahoe Center for

Environmental Sciences (TCES) building in Incline Village, facing toward the

southwest.

o Use the joystick to navigate — First, press [Button 7] on the top left corner of the base
to activate the joystick for “navigation mode.”

o Use the lever to move forward and reverse.

o Use the joystick to change the view angle (i.e. up, down, left, right).

e Press one of the two active buttons while using the joystick for various movements

(change pitch, yaw, move up/down the y-axis or left/right on the x-axis, efc.)

The lake appears as it would if the water were removed. Starting in Incline Village, head off
the shelf into the water and discuss what you see.

A. Incline Village Fault: Heading south past the fault is the deepest part of the lake at
1,645 feet. You will notice giant ripple marks, some with 50 meters between them.

B. Stateline Fault: Amazing snorkeling and a ~1400 foot drop.

C. Underwater shallow shelve near Kings Beach

D. Tahoe City shelf: Remaining shelf after landslide. May not have slid due to being
composed of volcanic material instead of sediment, although could possibly be

disrupted in a large (7.0 magnitude) earthquake.

E. Point out Truckee River: Tahoe’s only outlet, 63 streams and rivers flow into the lake.
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. Sediment at the bottom of the lake: The bottom is mostly flat but after years of
sedimentation the layer of sediment that makes up the bottom is estimated to be
almost double the depth of the water level.

. Underwater blocks: The largest block from the landslide is 1 km across. The blocks
are composed of consolidated sediment.

. McKinney Bay underwater landslide: The McKinney Bay underwater landslide
occurred somewhere between 10,000 and 60,000 years ago. A 7.0 magnitude
earthquake is thought to have caused this land area to collapse. The displacement
would have caused a large tsunami with waves as high as 100 to 300 feet tall.
Seiche waves (where water would slosh back and forth) are estimated to have lasted
for 24 hours following the initial tsunami.

General Creek sediment plume: Clearly shows sediment coming from stream into lake
and fault scarp cutting through it. Sediment plume to the left does not have fault
cutting through it indicating a younger age.

. West Shore Fault: Runs the whole west side of the lake (point to map on wall). See
evidence of fault “slippage” or movement. This distinct fault through the sediment is
evidence that the fault ruptured relatively recently as the fault cuts through it.

. Glacially carved valleys: Glaciers came through here in the Tahoe (100,000 years
ago) and Tioga (50,000 years ago) ice ages. The land pushed by a glacier and
deposited is called a “moraine” which you can see prominently above General Creek
sediment plume.

. Steep area of D. L. Bliss State Park: great hiking spot.

. Emerald Bay: Just south of Emerald Bay is Cascade Lake, the larger lake is Fallen Leaf
Lake. The ridge on the south side of Fallen Leaf Lake is Angora Ridge, the site of the
2007 fire that burned 260 homes. Observe that these are also glacially formed, and
moraines are present here as well.

. Tahoe Keys: former wetland developed in the 1960’s. Loss of filtering and warmer
water creates favorable habitat for invasive species, some of which may have been
dropped in lake from fish tanks.

. Upper Truckee River: Responsible for approximately one third of the inflow to the
lake.
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P. South Lake Tahoe: Airport, Mackinaw/Lake Trout fishing just off shore. The fish also
spawn here as they are exposed to the photic zone but are still protected by the
erosional feature of the shelf. Sediment shelf here is similar to the west shore pre-

landslide.

Q. Continue along east shore. Point out Cave Rock: the remnant of a volcanic plug
considered to be sacred by the Washoe Tribe.

R. Point out Sand Harbor and Mount Rose as you head back to Incline Village
For additional information, see the Geology Section of your Docent Manual (located in

Additional Resources) for details about the Tahoe Timeline, Tahoe Geology, Sierra Nevada
Geologic Time Scale and the Tsunami at Lake Tahoe.
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Map for Lake Tahoe DEM Data Set

o
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Research In Action Photo Wall

Photos of various researchers from UC Davis, UNR, DRI, Scripps Institution of Oceanography and

others are included on the wall to show visitors the broad range of scientific research conducted at
Lake Tahoe. Descriptions of each photo are available on a separate laminated card in the Docent

Room.

Student field trips sometimes include a scavenger hunt activity where students are acting as “visiting
researchers” from the following research fields:

e Ecology: The study of where living organisms are found, and the interactions between these
organisms and their environment.

o Geology: The study of the physical history of the earth, the rocks it is made of, and the
changes the earth goes through.

e Biology: The study of life and of living organisms, including their structure, function, and
growth.

e Chemistry: The study of matter and its interactions.

o Hydrology: The study of water, its effects on the earth’s surface (soil, rocks) and in the
atmosphere.

e Limnology: The study of bodies of fresh water, such as lakes and ponds.

e Meteorology: The study of the atmosphere, especially weather and weather conditions.

e Climatology: The study of the weather over long periods of time.

e Physics: The study of matter and energy and their interactions.
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RESEARCH IN ACTION
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