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[image: ]Abstract:
Students work in small groups to analyze and interpret Global Positioning System (GPS) and seismic data related to “mysterious ground motions” first along the northern California coastline, and then in British Columbia. This activity emphasizes the analysis and synthesis of multiple types of data and introduces a mode of fault behavior known as Episodic Tremor and Slip (ETS) that was discovered less than 20 years ago and has significant implications for understanding megathrust earthquakes in subduction zones. 

Suggested Level: Intermediate1

Time: ~60-90 Minutes

Learning Objectives: 
Students will be able to…
1. Describe the process of Episodic Tremor and Slip and contrast this with the traditional earthquake cycle or Elastic Rebound Theory.
2. Demonstrate how GPS and seismic observations support our understanding of Episodic Tremor and Slip
3. Describe the seismic hazard created as the Juan de Fuca plate subducts beneath the North American plate. 

Related resources
This activity is part of a collection of activities based on ten questions that identify promising research directions on the frontiers of seismology as outlined in the Seismological Grand Challenges in Understanding Earth’s Dynamic System. This collection has been developed to engage students in the analysis of real data and to bring examples of frontier research topics into the undergraduate classroom, while also helping to improve undergraduate seismology instruction. 

Materials List 
· Student worksheet
· Ruler for each student or student group
· Computer with internet access for each group of students 
· www.iris.edu/ieb/

Overview:
In this lab, students investigate mysterious ground motions along the Pacific Northwest Coast. The investigation begins as students familiarize themselves with the tectonic setting of the Pacific Northwest coastal region . Next, students explore and explain the movement of the Cape Mendocino, CA region that occurred on April 25th, 1992 using data (vector) from high-precision Global Positioning System (GPS) stations and earthquake location data. This case is contrasted with movement recorded by GPS (time-series) in British Columbia from 2004 to 2011. Finally, students investigate a model to explain the GPS time series data for the British Columbia region.

Teacher Preparation: 
Before undertaking this activity students should know what earthquakes are, and understand the earthquake cycle (storing energy via elastic deformation in rocks, followed by rapid slip on a fault and release of seismic energy, and then a  repeat of the process). 

Activity Flow:
[bookmark: OLE_LINK1]Following a lecture or other instruction on earthquakes and the earthquake cycle, assign students to work in pairs to complete the student worksheet 

Instructor Background:
Animations specific to the Pacific Northwest:  
The use of GPS to monitor plate motion near subduction boundaries: www.iris.edu/hq/inclass/animation/208
Episodic Tremor and Slip in cross section recorded on graph.: www.iris.edu/hq/inclass/animation/92
Overview of the Pacific Northwest tectonic regime: www.iris.edu/hq/inclass/animation/376
Brudzinski, M. (2011). Episodic Tremor and Slip: Potential Clues to the Earthquake Process and How Faults Slip. The Earth Scientist, 27(1), 7-12.
http://www.iris.edu/hq/files/programs/education_and_outreach/lessons_and_resources/docs/TES_Spring11.pdf 

EarthScope. (2011). Episodic Tremor and Slip. http://www.usarray.org/files/docs/pubs/EpisodicTremorandSlip_final.pdf

To learn more about the Claim-Evidence-Reason process or see example student responses [beginning on page 18]: https://learningcenter.nsta.org/products/symposia_seminars/NSTA/files/HowDoYouKnowThat--HelpingStudentsWriteAboutClaimsandEvidence_12-12-2012.pdf 

Grand Challenge #1 – How do Faults Slip
http://www.iris.edu/hq/files/programs/education_and_outreach/CCLI/ETS/How_Do_Faults_Slip.pdf 


Author/References
Primary Author: Maggie Benoit, formerly at The College of New Jersey
For questions or comments about this activity, please email lessons@iris.edu.  The development of this resource was funded by the National Science Foundation via Award # 0942518.

Limited Use Copyright
Most IRIS resources reside in the public domain and may be used without restriction. When using information from IRIS classroom activities, animations, information products, publications, or Web sites, we ask that proper credit be given. Acknowledging or crediting IRIS as an information source can be accomplished by including a line of text such “produced by the IRIS Consortium” or incorporating IRIS’s logo (http://www.iris.edu/hq/gallery/album/337) into the design. IRIS’s URL www.iris.edu may also be added.
1 Suggested Levels
· Novice – Includes basic seismology topics. Activities emphasize skills and abilities generally associated with students in the middle and high school grades. 
· Intermediate – Basic and/or intermediate seismology topics presented through activities that emphasize skills and abilities generally associated with students in high schools and non-majors, undergraduate courses.
· Advanced - Intermediate and/or advanced seismology topics presented through activities that emphasize skills and abilities generally associated with undergraduate science/math majors.



2

image1.png
Explarar vy

ridge 3oy
. CANADA
.!_ ] 'Ir
suan —of NEN
de Fuca AU
498 fiuan def |
F '.'-'
Blanco Pll‘cta e ¥
fracture atest
zone -::w &
. I"' LUMITED STATES
S I
= .
e e —Gorda Plate
fracture zone Cape Medocino Triple Junction
Pacific Plate |  North American Plate

% Relative motion of

San Francisco ™ &

T
Murra \

racture zong 1:.: .
1

Relative motion Los »_
of Pacific Plate AM9®le%

S A,
7 'L-I \ -ﬁ{fe
= Mol LN %
ﬂum zma 1-._ ) L "'\ '-,I. {
\-"-\_ -"" ;-;"'l

MNorth American Plate






Mystorous motions alongthe Pacifc Nothwest Goast -
nstroctors Guide

e
S,
e )
et
ettty
L
prE et
i

Sopgustad ook st

Ty ot oo e o e st gty
e Coneng i v o S
oo e S0 s A 1 1oy o
o e o e e o e sy
a0 o iy Ay scon




