4.     Exemplar short course:  Earth and Space Sciences II, Shake, Rattle & Rock (an investigation of plate tectonics and earthquakes)

James I. Sammons & Daniel P. Murray, Summer 2009
A. Syllabus

This workshop is part of the Rhode Island Technology Enhanced Program (RITES), which offers in-service professional development for Middle and High School STEM teachers.  Page 11 presents a concept map for the workshop.

Earth Quake Investigation III

Summary

The Short Course is organized in three sections:

· Earth, an aging planet. Supporting background for understanding earthquakes.

· Earthquake Investigation III. The RITES investigation.

· Application of short course concepts to a real world environment, Beavertail State Park, and adaptation to existing science curricula.
Day One, half day

1. Welcome and administrative tasks

2. Lithospheric plates move and have three boundaries; divergent, convergent, and transform faults. Earthquakes are one manifestation of tectonic plate boundaries.

3. Lava Lamps and physical science. Heat expands materials, changes density, therefore buoyancy, and that causes objects to float or sink. These simple ideas underlie many earth science concepts. For example, atmospheric circulation cells, thermohaline currents, mantle circulation, and thermal lake stratification.

4. Earth as an aging planet. Internal heat is lost to space by mantle convection and plate tectonics. General review of plate tectonics. Earth as a three-layered body; Earth as core-mantle-crust becomes core-mantle-lithosphere.

5. Indentifying plate movements. Divergent and convergent boundaries describe plate movements.

6. Brittle and plastic deformation and faults.

7. Construction of earthquake machines.
Day Two, Full day

1. Fault recognition, using satellite (i.e., GOOGLE, etc.) and other imagery.

2. First run of Earthquake Investigation III. Participants log onto website and work through the initial parts of the investigation. Questions and comments between leaders and participants.

3. First run of the Explore section of the investigation. Participants operate with minimal assistance from leaders.

4. Additional experiments run as described on the webpage. These variations of the initial run conditions reveal real-world differences in earthquake expression.

5. Lunch

6. What is an earthquake? Guided tour with various prepared and web-based images. Comments and discussion between and among leaders and participants makes connections between the earthquake machine results and real-world earthquake expressions.

7. Participant “What if…” ideas are explored through additional experimentation.

8. Leader presentation of current earthquake research data.

Day Three, Full day

1. Fault analysis using geodetic data

2. Field trip to Beavertail State Park to examine the expressions of brittle and ductile deformation found along the East-facing coastline.

a. Locate as many faults as possible within twenty minutes. Participants discover that like many geologic features, faults are scalable and exist as very large through very small sizes.

b. Comparisons of brittle and ductile features allow participants to determine the order of events at this rich site.

c. Additional observations of features allow participants to construct a possible geologic history for Beavertail. Although this history is conjectural, it is plausible because it is based on solid logic.
3. Move to Fort Wetherill State Park.

a. Lunch.

b. Discussion of classroom opportunities, applications, and limitations. List of post-short course items to be provided via the web generated. Most vigorous request – an image-based web tour of the Beavertail site set up so that students have to use the skills introduced in this short course in order to reveal the stories present.

B.     ESS Writeboard from Basecamp

This section describes the construction of an “earthquake machine”, and its use to model earthquakes.
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Earthquake Writeboard

Investigation Title

Predicting Earthquakes

Summary

Students will make "earthquakes” using a simple model (an earthquake machine). Although
patterns can be observed (.e. the onger between earthquakes, the arger an esrthauake wil be,
he exact fime and size of the earthauake cannot be predicted. Studsnts wil then spply hat
Knowiedge to predicing earthquakes on the San Andreas aul.

Additional Information

hitp//quake.usgs.govresearch/deformation modeling eqmodel i
> - 7 minute news video that imroduces the opic

et v s.edtufhaprogramseducation_and_outreachiaotm/ 1

>+ 1 minute video showing elasicty of rock (elastic rebound)

> 2 2 well-developed acivities descibed under ‘Block and Sandpaper Activiy’

> < paper by the authors of the webpage: Hubenthal, Mchse  rale, Lary ; Taber, Joh. (2008)
Redafining earthquakes and the cathauake machine: students use the Earthauake Machine Lit
torefne thlr iess about the causes of sathquakes. The Scince Teacher.

GSEs addressed

ESS1.POC3: Explain how earthevents (bruptly and over time) can bring about changes in
Earth's surface: landforms, ocean floor,rock feaures,or climate

ESS1 SAE+POC3: Explain how intermal and external sources of heat (ncray fuel geclogic
Processes (e rock cyck, plat tectonics, sea floor spreading)

Prior Knowledge

Mol (used torepresent things that cannat be duplicated have strengths snd weaknesses)
Frction

Fauit

Graphs (rading and creating)
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What Students Will Learn During This Investigation

1) Whst s an earthauake?
2) Can earthquakes be predicted?
5) Can we predict earthquakes along the San Andreas Fault n Calforna?

Warm-up Activity

Title
Wt does slsstc mesn?

Summary
Students will explore elastic and non-elastic materials o learn what slasic means. Students il
o see tha rocks are alstic materiak

Materials
Rubber band, lasic, rubber tubing, et. (~elastic mteia): iy, Playdough, sl putty etc.
(=non-elastic materia; other materials such 3 spring, meter tick, or materials lsted
previausly video “Elstc Rebound” rom it ik eduhaprograms
Jeducaton_and_outreachiaotm/1

Engage
Students describe the difference between an lastic mtrisl and non-elsstic materis when they
arestrtched or bent (doss t return to s original shape?). By over-stretching/bending, studens
o lsarm there i 3 imit 0 the amount of train (stetchingbending) an elasic materil can
take. Another option (/o the video) i to crop the materals on the floor—does i compress.
when dropped and retun to i's oiginal shape or does t deform (for his option, difeent balls
Can be wsed instead of stretchy rubber bancs),

Predict
Students predict whether or notthe other materials (such 35 spring, meter stick, etc) are elastc

Explore
Students determine whether or nat the other mterisls re eastc by stretching bending them
nd seeing f hey retur back ta thelr ariginal shapes. Students predict whether o not racks
have inan elastic maner,then watch the vdeo. Agai, the alernate opton of dropping
things on the flor can be done.

Explain
What materials are slssic and wht sre non-elasic? What happens f you bend stetch
something too far?

Wrap-up

A rocks elastc o non-elastc? Why can't you bend a rock you pick up? What happens if you
sretch/bend rocks too much?

Activity

Title
Wht s an sarthquake?
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Students willuse 3 madelof the earth taleam the factors causing an sarthquake (bending rocks,
ricton, and time).

Materials
Earthquake machine or earthquake machine It (deally, one setup per group of students) strip
of sandpaper, brick with sandpaper, rubber tbing, sting or wire, crank: OR st of sandpaper,
block of wood with sandpaper, rubber bands, messuring tape; AND mete stick o device that
measures distance (see htp:quake.usgs.gow/researchi deformation/ modsling/eqmodel il
r hep: i ed ha programs education_and_outreach/aotm/1 )

Engage
Wit are arthauakes? Why o thy occur? Haw is this set-up 3 model or the earth?

Predict
What willhappen when the string/measuring taped attached 1o the elastic attached to the biock
s pulld?

Explore
Playwith it

Explain
Why i the movement ofthe blockbrick ‘Jumpy’? Why doesn't it move at the same time you are
pulling it Why i ficion mpartant? What would happen 3 fault dosn't have any friction? Why
s it Importan that rocks ar alastic? Rocks very deap below the surface o the sath are not
alastic - do these deep rocks have esrthauakes? (9-11) Wnat is causing the constant movement
of rocks?

Wrap-up
Explain why earthquakes occur using the model

Activity

Title
Can earthquakes be predicted?

Summary
Students use 2 modelto determine if eathquakes can be precisely predicted.

Materials
Earthquake machine or eathquake machine It (see 3bove)

Engage
I the newsis  story o someane who claims they can predictearthquales based on the past
movement slong 3 faul. They precict one fr Los Angeles on (pick 3 date and time o the hour]
with 3 movement along the fault of 2 meters (which s roughly 3 magnitude xex earthquake). Is
his possible?

Predict
Students make 3 hypothesi 35 o whether or not this precicton s passibie

Explore
Using the earthquake machine, students pull the block and record mation inorder 1o get 3
pattern. The constant puling ofthe string represents the constant mavement f pates, Students
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Explain
Based an past sarthquakes and patterns, students evaluat the predictions o esrthquakes in
California OR whether or nt fiend neds o warty about earthquakes (3-11) What is causing
the movement? Where is Los Angeles going? Wil t break of ino the ocean?

Wrap-up
What abowt “The 8g One’? What about San Francisco?

New activity

This aciviy il use Arcgi Explorer from ESRI 33 the engine ta investigate ctive sarthquike

zones. Use this ink A Exclocer
usriiey to navigate to the demonstration page. The frst demo gives 2 good idea of what can
b done with this free GIS softwre.

My ntention is that this actviy il draw upon the insights gained from the preceding acchvtes.





C.     Sample Activity for Experiment 1
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Earuake - allng wak,cars eving of e foa.. s Hofywood a s specal
s best. Bt s fo et S st 531 Gatrake? Y knaw 1 s
SOMeing 10 do it movement i he 0w, b whatsxacy makes Shaky Town
(S Francisco, Cafora) sake?

W't s 8 hcmaac constion call 3 Esthagsks Machin o explocs o
canquakes happen and ow sight ifeent condins roduce frent s of
canquakes. Than we'scompare ur observations wi th recors o ral
canhquakes an scover trat our fnky machine ot ony woks, b i alow us
10 makesoms sophstcated precitons bout e el ones.

Nong th way,you Wt ke & rcar of yue bssrvations. Tis vstigston
assames hat artersxperince wilad you o mporiat dscovers 2 you
explorscathauakes. T the way ha e Ife scientsts work Th o of your
ot s 1o mpartan as ong s they st comles. ocry. and durale. A

o 1ngBinceror  spealnolebock woukd be 600 choe.
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Set up your computer

Locateyourfoce sensor and o o h

dpaper ined secges.

1. You'l i afore ange selectorswich on e 0pof e sensor.Sidei o
SON setig, The N st or Newtons,te un o rc used  prysc,
2. The photo beow il hlpyou with he et icps.

=
—

3. Plac e forca sansor oer th g of e sedge usin e utine a5 6.
T e blec lasic mouningscrew iy, st encugh 0 5tp he
Sansor fom e,

4. Hook an o mors e bands ot e metal ey o th fors s

. you arsusing  GoLink. iy g th forc ser 1 he GoLlk and
the oLkt 3 USB porton yourcomputa I you a1 U 8 LabPro, your
teachar il show you how 1 et up e artce.

Meet the earthquake machine

ok 1ok atyour sathuss machi. Yo can s it ' sl s
dpaperined ack.You rave sy ocated he o lodges.

1. Pl your rigged s on th sarthuake machis. Move he machine
close v o he compuer 5o hat e cabl betwee 8 sansoran our
computer wiroac sasly. Hove the sedga gy back and frth o heck.
foree movament.

2. Use he photo abovet carsuly i th paper i, e bandf), and g

[ S —————
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e secge

Make a test un

Tet yourmachin by placingthe secie t e fr e of e mashine, Grark he
wineh it aconstant mythm s that e rate o pullng on o ong st s

a5 stacy as possve. This s Imprtan pracic, becacs asescy, constat-speed
pull th ke o goo observatons.Miake & otabook ety e the

Pescing Earauake Macin Tes 1t cescribs e progessof e s
compared o the staacy movemet of e ong sving.

Further instructions

Now hat you ae famtar wih e sk machine, you ar prebsbly worderng
Pow il usedin e axperments. B2 sue 1 52 e page Preparng e
Experment e Explors secton fo npertant ‘o o nerctos.

Activity with sensor : Explore : Proparing the Experiments

Important steps to take before running the experiments

I this exploration, you il run four experiments using the sarthquake
machine. Tis page ouinesstaps 1 betaken befors, during, and aftr 0ach
oxperiment

‘The earthquake team

Each experiment run requires atleast s members:
The Puler s the parson who maintins  stesdy pull o th long sting. The
objectva & 0 tum th vinch at a constan atscuring t

The Observar marks th distance of each jump of the siedge n cntimators.
The Gomputer Operato sarts and stops the experment and monitors the
araph tace curng e run,

At aach excariment, taam membrs chanos ol sa hat evervons
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1. et up eachexpermnt accoing 1 e nstucions gven on that
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because sometmes the movements rapen  quick successicn. Hor s &
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t hl g ana ottoms. Pace 1 Unce o Gerhuake maching 5o it
anyan ih o 0 ofthe o s shows rom uncer e machi. Tape .
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tecoring suface s exposed o henext experment.
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D.
Concept map of workshop
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E.
Photo documentation
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Participants log onto website and work through the initial parts of the investigation.





““Teachers on the Rocks” – at Beavertail State Park, Jamestown, RI , August 12, 2009


Examining the expressions of brittle and ductile deformation found along the East-facing coastline.








A view of the RITES investigation in the authoring system.  It shows data which participants have generated on their earthquake machines and uploaded onto the computer via a dual-force probe.  The data is plotted and ready for analysis.
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