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Abstract:
Students will work in small groups to compare the rate of icequake occurrence in Greenland to measured air temperature over time.  This activity emphasizes the Earth systems concept by connecting seismic and atmospheric data sets from Greenland, and links climate change, glacial melting, and seismic activity.[image: ::::Desktop:Screen Shot 2012-08-13 at 1.58.53 PM.jpg]

Suggested Level: Intermediate1

Time: 60 Minutes

Learning Objectives: 
Students will be able to…
1. Identify major features of a continental glacier system in satellite imagery and explain how the system operates.
2. Describe icequake occurrence in Greenland and demonstrate how their increasing frequency exemplifies the concept of Earth as a system, connecting climate change, glacial melting, and seismic activity.

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 worksheets
· Graphs of air temperature in Greenland (AirTempData_2_5.docx)
· Google Earth File of icequakes in Greenland (Icequakes_1993_2010.kml)
· Computer with Internet access for each group of students 
· Web browser opened to the IRIS Earthquake Browser (http://www.iris.edu/ieb/)
Overview:
In this lab, students attempt to answer the question “What causes icequakes in Greenland?” To accomplish this, students use Google Earth to examine both the spatial distribution of the icequakes, as well as the physical features of the glacier in regions where icequakes occur. Next, students examine the temporal distribution of the icequakes and compare this evidence to monthly and annual mean air temperatures in Greenland. Finally, students synthesize the evidence they have collected to create a multi-paragraph explanation of how icequakes in Greenland exemplify the concept of “Earth as a system.” 

Before undertaking this activity, students should understand the basic causes of earthquakes (e.g. Elastic Rebound Theory).
  
Teacher Preparation: 
Prior to this activity, students should receive instruction on glaciers and glacial processes.

Activity Flow:
1) Following a lecture on glaciers and glacial processes, assign students to work in pairs to complete the lab worksheet 
2) Once students have completed the lab, the following quotation can be assigned as homework or a class discussion.  

[bookmark: _gjdgxs]Research into icequakes is new and there are many unknowns regarding how and why they occur.  Extend this lab with a reflection and class discussion of the conclusions that scientists Meredith Nettles and Göran Ekström from Columbia University write about in an article from 2010 in the journal Annual Reviews in Earth and Planetary Sciences:  

“The retreat and advance patterns of glacier termini provide a general explanation for the variability in glacial-earthquake frequency on seasonal and interannual timescales…To explain these variations, better knowledge of the physical controls on calving-front advance and retreat, and on calving style, is required… Sea-ice conditions and variations in water temperature and currents in the fjord system correlate with interannual advance and retreat patterns, but seasonal conditions are poorly known… A better understanding of interactions among ice, ocean, and atmospheric conditions is needed to clarify the mechanisms controlling the timing of large-scale calving events.”

Instructor Background:
Grand Challenge #4 – How do processes in the ocean and atmosphere interact with the solid Earth? 
http://www.iris.edu/hq/files/programs/education_and_outreach/CCLI/Glacial_EQ/Ocean_Atmosphere_Interact.pdf

Glaciers and ice loss animation: https://www.youtube.com/watch?v=FVm3rZZs49s 


Student Scoring Rubric for use in grading final assignment
	Criteria 
	Level 1 
	Level 2 
	Level 3 
	Score

	The argument

	Sufficient Claim (3pts)
	A claim is included but it does not answer the research question. 
	The claim provides a basic answer to the research question but does not explain everything. 
	The claim answers the research question and explains everything it should. 
	

	Sufficient Evidence
(3pts) 
	Only a single piece of genuine evidence is used to support the conclusion. 
	Includes multiple pieces of genuine evidence but not enough to support conclusion overall or each aspect of the conclusion. 
	Includes enough genuine evidence to support the overall conclusion or each aspect of the conclusion. 
	

	Adequate Rationale 
(3pts)
	Makes a simple assertion that the support provided “proves it” or it simply refers to the evidence without explaining it. 
	Explains why the evidence was included or how the evidence supports the claim but not both. 
	Explains why the evidence was included and how the evidence supports the claim. 
	

	Geoscience content knowledge

	Content Understanding
(3pts)
	The response demonstrates weak, inappropriate, or inaccurate disciplinary content  understanding. 
	The response demonstrates a basic or uneven disciplinary content understanding. 
	The response demonstrates an adequate disciplinary content understanding. 
	

	The writing

	Organization
(3pts)
	The writing lacks coherence; organization seems haphazard and disjointed. The organization is confusing to the reader. 
	An attempt has been made to organize the writing; however, the overall structure is inconsistent or skeletal. 
	The organization enhances the central idea and its development. The order and structure are good and moves the reader through the text. 
	

	Sentence Fluency 
(3pts)
	The writing is difficult to follow or to read aloud. Sentences tend to be incomplete, rambling, or very awkward 
	The writing tends to be mechanical rather than fluid. Occasional awkward constructions may force the reader to slow down or reread. 
	The writing has an easy flow and rhythm. Sentences are carefully crafted, with strong and varied structure. 
	

	Conventions
(3pts) 
	The author made several grammatical, spelling, punctuation, paragraphing, or capitalization errors. 
	The author made only one or two grammatical, spelling, punctuation, paragraphing, or capitalization errors.
	The author used appropriate grammar, spelling, punctuation, paragraphing, and capitalization. 
	

	
	
	
	TOTAL (out of 21)
	

	Comments or suggestions for improvement: 










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