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Case studies have been used successfully for many years in business school and in medical school for actively engaging students in problem-solving relevant to the discipline. The primary hallmark of a case study is presentation of students with a problem to solve that revolves around a story (the “case”). In medical school case studies, the “story” typically involves a sick patient. In science case studies, “stories” can range from public policy issues to science research questions. Good case studies give the students considerable latitude in deciding how to solve the problem, rather than leading them through the problem by the nose.

The easiest way to think about developing a case study is to think about how a medical case study would be developed (table below left) and to consider how that would translate into treating a geologic problem the same way. Some case studies begin by asking students to collect data. In the case studies described in this session, students receive data and have to figure out how to use the data to solve the problem. The data come from published studies in the literature.

The National Center for Case Study Teaching in Science provides lots of other kinds of case studies plus extensive rationale for using case studies (http://ublib.buffalo.edu/libraries/projects/cases/case.html). 

	Medical Case Study

	Patient medical history: What is already known about the patient?

	The complaint: What problem is the patient having?

	The objective assessment: What data does the doctor collect? These might include descriptions of symptoms by the patient, physical observations by the doctor, tests that might be done elsewhere, etc. At various points in the process, the doctor might also do some reading in various physician’s references.

	Analysis of patient symptoms and lab tests: What is the best way to analyze the data? What are the results of the analysis?

	Diagnosis: What is wrong with the patient? What is the evidence? What are the uncertainties? What are the implications?

	Report/communication: What records will the doctor keep for him/herself? In what way will the doctor communicate with the patient?

	Follow-up: What additional questions has this diagnosis raised? What will the doctor do in the future?





	Geological Case Study

	Background geology: What is already known about the geology and geologic history?

	The problem: What is the question(s) to be addressed?

	Data collection: What data does the researcher need to collect? What additional background information does the researcher need to have?

	Analysis of data: What is the best way to analyze the data? What is the result of the analysis?

	Solution(s) to the problem: What do the data suggest about solutions to the problem? What is the evidence? What are the uncertainties? What are the implications?

	Report/communication: How will the investigator make a permanent record of data and results? What communication of the results is desirable/necessary?

	Follow-up: What additional avenues of inquiry does this study open up?


	Sample Geological Case Study



	Background geology: Colossal rock avalanche deposits (sturtzstrom) in Argentina have been delineated on satellite images.

	The problem: Instructor poses the question of what controls the spatial distribution of sturtzstrom in this part of Argentina.

	Data collection: Students probably need to do some background reading on sturtzstrom; instructor could either provide reading or have students find and read sources. Instructor could provide data on bedrock geology, bedrock structures, physiography, seismic activity etc., or students could determine what data sets they would like to have.

	Analysis of data: Students determine how to analyze the data and proceed with the analysis.

	Solution(s) to the problem: Students evaluate the results and propose an answer (or answers) to the question of what controls the spatial distribution of sutrtzstrom in Argentina, cite evidence, reflect on uncertainties, and suggest implications.

	Report/communication: Students consider what would constitute a reasonable permanent record of data, analysis, and conclusions. Communication might involve a written report, an oral report, or even a jigsaw, if different students focused on different subsets of sturtzstrom.

	Follow-up: Students consider extensions of the study, what questions they might ask for follow-up, how they might deal with the uncertainties, and what implications arise for other areas.





How this differs from having students read and report on an article in the literature:

· Students have the experience of actually doing the analysis and drawing the conclusions, rather than simply reading about it.

· The instructor has the option of adding analysis of real (analogous) samples by the students as if they were really performing the study.

· A difficult article about an interesting real world problem can be made accessible.

· Multiple data sets from more than one article can be included.

**You can find the actual assignment for this case study under session L3B, because the activity is both a case study and a jigsaw assignment.
Delphi Oracle Case Study

Context: I do Part I very early in the semester to give students practice in determining strikes and dips of contacts from outcrop traces on maps and to give students practice in fault terminology and interpretation. I do Part II right after we begin stereonets. Part III comes after we have done focal mechanisms.

Delphi Oracle Case Study: Part I
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(from deBoer et al., 2001)

Background Geology: Provided in homework #5 (reading Hale, John R, deBoer, Jelle, Chanton, Jeffrey, and Spiller, Henry, 2003, Questioning the Delphic Oracle: Scientific American, v. 298. no. 2, p. 66-73).

The problem: Characterize the two primary faults (the Kerna and the Delphi) at the Delphi Oracle, assuming that the faults are approximately planar. If the faults are, in fact, planar, why does the Kerna Fault take a bend in map view?

The data: As shown in the above map from deBoer, J.Z., Hale, J.R., and Chanton, J., 2001, New evidence for the geological origins of the ancient Delphic oracle (Greece): Geology, v. 29, no 8, p. 707–710 (not the same article that the students read for homework).
Analysis of the data to arrive at a solution to the problem: You and your partner will analyze the data and arrive at a solution to the problem outlined above. 

Presentation of your findings. Once you have arrived at your interpretations of the faults at Delphi, be prepared to explain your conclusions and methods to the rest of the class.

Return to Delphi: Part II

Background Geology: Provided for previous part of case study.

The problem: Now that you know something about stereonets, use the additional data to revisit your characterization of the Kerna and the Delphi Faults. What are some possible explanations for why there is minimal offset where the two faults intersect?
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The data: As shown in the figure on the following page from deBoer, J.Z., Hale, J.R., and Chanton, J., 2001, New evidence for the geological origins of the ancient Delphic oracle (Greece): Geology, v. 29, no 8, p. 707–710. The dots lying on or very near the great circles on the stereonets show field measurements that Jelle de Boer made on the orientation (strike and dip) of the Delphi and Kerna Faults and of the trends and plunges of slip directions on the fault. Large areas of the faults surfaces are exposed, and, although the article does not make this clear, de Boer likely measured features such as slickenlines (or perhaps slip fibers) on the fault surfaces to determine slip direction.

Analysis of the data to arrive at a solution to the problem: You and your partner will analyze the data and arrive at a solution to the problem outlined above. 

Presentation of your findings. Once you have arrived at your interpretations of the faults at Delphi, be prepared to explain your conclusions and methods to the rest of the class.
Delphi Oracle Last Gasp: Part III

Homework: 

Read Piccardi, Luigi, 2000, Active faulting at Delphi, Greece; Seismotectonic remarks and a hypothesis for the geologic environment of a myth: Geology, v. 28, no. 7, p. 651-654, and prepare written answers to the following questions:

1. In the first paragraph, Piccardi describes the Gulf of Corinth Rift as an “asymmetric crustal half-graben trending roughly east-west”. What does this mean?

2. Piccardi then goes on to say, “The master fault system, dipping northward, is at its southern margin, while minor antithetic faults affect the downward-flexed, northern hanging wall”. What does this mean?

3. Is the Gulf of Corinth an extensional or contractional zone? How do you know? What is the direction of extension or contraction? How do you know?

4. Do a little sleuthing on the web, find out about the tectonic setting of Greece and the Gulf of Corinth Rift, and write several sentences on the tectonic setting, the plates and plate boundaries that lie nearby, plate motions in the area, and how the Gulf of Corinth fits into this picture. Be sure to comment on enigmas, controversies. Be sure that you find and digest enough information so that you understand it clearly enough to describe it in your own words (you must not simply plagiarize statements from web sites). And believe me, I know your writing well enough to be able to tell instantly  that you’re not using your own words. If you find figures, you can copy and use them, but you must write your own descriptive labels/captions.

5. Piccardi describes the Delphi Fault as an antithetic fault in the Gulf of Corinth system. Explain why.

6. Piccardi’s arguments hinge on whether the Delphi Fault is active or not. What features suggest that the Delphi Fault is an active fault?

7. Piccardi reports that the orientation of the Delphi Fault is 260N, 60-65°. This notation for recording strike and dip is called azimuth notation, which is why it doesn’t look familiar. Use the stereonet in figure 2 to arrive at an average approximate strike and dip for the Delphi Fault, and write it properly using our quadrant notation. Then, go back to your original work on the Delphi Fault. How does this compare to the orientations that you calculated previously and that were portrayed on the stereonet in DeBoer’s article?

8. What is Piccardi’s hypothesis for the closure of the sanctuary at Delphi, which had been used in almost interrupted fashion for nearly 2000 years? What is his evidence?

Case Study in Class:

Background Geology: Provided in homework as indicated above.

The problem: Is Piccardi’s interpretation of the regional tectonics consistent with the focal mechanism solutions for recent earthquakes in the Gulf of Corinth shown in the illustration below? What are the possible plate motion explanations for extension in the Gulf of Corinth? How does subsidence of a second century church at Kechrie (as shown in figure 2.3 of your textbook) fit into the picture?
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The data: As shown at left and reported in Piccardi (2000)

Analysis of the data to arrive at a solution to the problem: You and your partner will analyze the data and arrive at a solution to the problem. 

Presentation of your findings. Once you have arrived at your interpretations of the faults at Delphi, be prepared to argue convincingly to the rest of the class.

(figure from Piccardi, 2000).

Case Study on the Karakorum Fault Region of Southwestern Tibet

Homework #24: background for the case study

due Monday, May 4

Start by reading the chapter on the Tibetan Plateau and surrounding region written by Leigh Royden and Clark Burchfiel in Van der Pluijm and Marshak’s Earth Structure book. As always, in answering these questions be sure to use your own words. Use terms carefully and precisely, and don’t plagiarize what Leigh and Clark have written.

1. Why is it important to understand the structural and tectonic evolution of this portion of the world?

2. Summarize the pre-collisional history of the region. Be sure to include the timing of events.

3. Prior to collision, which way was subduction directed, north beneath Asia or south beneath India? What is the evidence?

4. When did India collide with Asia? 

5. Following the collision, at what rate did India continue to converge with Asia?

6. At that rate, how far has India “driven into” Asia over 50 m.y.? Show your calculation.

7. The Himalayas and the Tibetan Plateau formed as a result of post-collisional convergence over the past 50 m.y. Note that the Himalayas lie south of the Indus-Tsangpo (Indus-Yalu) Suture and the Tibetan Plateau lies north of the Suture. 

8. What evidence is there for crustal shortening in the Himalayas associated with the collision?

9. Approximately what percentage of convergence between India and Eurasia over the past 50 m.y. has been accommodated by shortening in the Himalayas? Where must the rest of the shortening have occurred?

10. How has shortening been accomplished in the Tibetan Plateau, and what are the main controversies about how and where shortening has occurred?

11. What is the nature and timing of extensional deformation in the Tibetan Plateau and High Himalaya?

12. What are the two models for why extension has occurred in the Tibetan Plateau?

On the tables in the classroom, you’ll find a colored map
.  This map shows an area of the southwestern part of Tibet that straddles the Indus-Yalu Suture (also known as the Indus-Tsangpo Suture). Examine the inset map so that you are clear on where the area is located.

1. Locate the Indus-Yalu Suture Zone on the map.

a. What kinds and ages of rocks lie north of the IYSZ?

b. What kinds and ages of rocks lie south of the IYSZ?

c. Which side of the suture preserves the pre-collision passive margin, the Indian side or the Eurasian side of the IYSZ? Explain your reasoning, giving evidence from the map.

d. Which side of the suture preserves the pre-collision active margin (i.e., the side under which subduction occurred), the Indian side or the Eurasian side? Explain your reasoning, giving evidence from the map.

2. Locate the Karakorum Fault System on both the geologic map and on the inset location map. The Karakorum is a major strike-slip fault that lies in part along the Indus-Yalu Suture Zone. What is the sense of slip along the Karakorum Fault?

3. The authors of the map have proposed that the Karakorum Fault System takes a bend to the south at Mapam Yum Co, swings southwest of the peak Gurla Mandhata (7728 m, or over 25,000’ elevation!!), and then returns to its southeast trend south of Gurla Mandhata. What might you predict is happening in the Gurla Mandhata region, and why?

Rocks and Structures of the Tethyan Fold and Thrust Belt
The sedimentary and metasedimentary rocks south of the IYSZ are part of a fold and thrust belt formed during the initial collision of India with Eurasia. The rocks were originally deposited on the northern (Tethyan) passive margin of India.

Below, you’ll see a cross section of the Tethyan fold and thrust belt.
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a. Do the thrusts dip toward or away from the suture zone?

b. What was the direction of transport during development of the fold and thrust belt? 

c. Is this consistent with the tectonic picture of India colliding with Eurasia? Explain.

d. Folds and thrusts of the Tethyan Fold and Thrust Belt are unconformably overlain by Upper Tertiary (Neogene) sedimentary rocks of the Pulan Basin. When was the fold and thrust belt developed? What is your evidence?

Rocks and Structures of the Gurla Mandhata Area

Gurla Mandhata is a broad, dome-shaped mountain (7728 m elevation) cut by a number of deep gorges (see both the geologic map in the classroom and the two photos on the next page). The rocks of Gurla Mandhata are conspicuously different from the rocks exposed in the Tethyan Fold and Thrust Belt and those exposed in the Pulan Basin. The rocks have been tentatively correlated with the Greater Himalayan Crystalline Sequence exposed farther south in Tibet and Nepal (light blue on the geologic map). Both the Pulan Basin sequence and rocks of the Tethyan Fold and Thrust Belt lie in contact with the Gurla Mandhata rocks. That contact is shown in white on the photos. 
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Figure 2. Topographic map of Delphi area and location of Kerna
and Delphi faults. Stereographic projections (lower hemisphere)
are of major fault surfaces (and slip directions) exposed north (n
= 13), east (n = 22), and west (n = 18) of oracle site.





a. Which way does the contact dip, westward toward the valley or eastward toward the mountain?

b. Do Gurla Mandhata rocks lie above or below the contact? Remember! “Above” to a structural geologist means structurally above or below, not up or down a topographic slope!

Rocks and Structures of the Pulan Basin Region

The Pulan Basin is a small region 40 km long by 12 km wide of Late Tertiary (Neogene) sedimentary rocks immediately west of Gurla Mandhata. The sequence of sedimentary rocks is more than 400 m thick. 

a. Check the geologic map. What kind of faults occur in the Pulan Basin sediments, and which way do they dip?

b. Open folds occur in the Pulan Basin sediments near the faults (see the second photo in the Gurla Mandhata sections), and these folds are presumably “rollover structures”, folds formed in the hanging wall block above a curved (listric) normal fault. Consult your textbook to see diagrams of rollover structures.

Karakorum Fault Zone Case Study

in class Monday, May 4

Background Geology: Provided in homework #24.

The problem: What is the nature and timing of the deformation in the various suites of rocks in the Gurla Mandhata area, and how does the timing and nature of deformation help us understand the tectonic evolution of this complex area? 

The data: Some of the data appear in PS 24; the rest is attached.

Analysis of the data to arrive at a solution to the problem: You and your partner will analyze the data and arrive at a solution to the problem outlined above. 

Presentation of your findings. Once you have arrived at interpretations for each area, I will draw straws to select groups to present their findings to the class. Be prepared to illustrate all of your observations and conclusions with samples, thin sections, and map data.

Data for Tethyan Fold and Thrust Region

Rocks and thin sections for the Tethyan Fold and Thrust Belt include the following:

STR 708

AZ 2-3B

WT 1-3 (hand sample HF 100)

74-1 (hand sample HF 114)

26-6

H43

B29

HF26

Be sure that you consider the following (some of which you work on in PS 24):

· Nature of deformation (not deformation mechanism) as seen in the rocks samples, thin sections, and any maps, cross sections, or photographs of the area, including spatial

· Rock types and deformation mechanisms that operated in the rocks (pay particular ttention to evidence in thin section).

· Conditions of deformation as suggested by the rock types and deformation mechanisms.

· Timing and cause of deformation.

***If any of your samples or thin sections show lineated and/or asymmetric fabrics, you may ask me for orientation data for the samples and thin sections, and you should determine shear sense to integrate into your interpretations.***

Data for Pulan Basin Region

Rocks and thin sections for the Pulan Basin include the following:

SG 10 (hand sample PC 6-2)

SG 9 (no hand sample)

Be sure that you consider the following (some of which you worked on in PS 24):

· Nature of deformation (not deformation mechanism) as seen in the rocks samples, thin sections, and any maps, cross sections, or photographs of the area, including spatial

· Rock types and deformation mechanisms that operated in the rocks (pay particular attention to evidence in thin section).

· Conditions of deformation as suggested by the rock types and deformation mechanisms.

· Timing and cause of deformation.

***If any of your samples or thin sections show lineated and/or asymmetric fabrics, you may ask me for orientation data for the samples and thin sections, and you should determine shear sense to integrate into your interpretations.***

Data for Gurla Mandhata Region

The sequence of rock samples that you have for Gurla Mandhata was collected along a traverse in the gorge marked “traverse” on the photo in PS 24. The samples as listed below are in order up the gorge and away from the contact with Pulan Basin/Tethyan rocks. The first sample listed was collected at the mouth of the gorge immediately below the contact with Pulan Basin/Tethyan rocks. 

AZ 2-1b

AZ 2-1-2 (hand sample AZ 2-1)
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9018 (no hand sample)

AZ 2-3c

STR 707

Augengranulit Tirscheim Sachsen

STR 701

AZ 2-1A

VA 847 (hand sample DC 9-6)

NP 4-6 (un-numbered sample)

DC 4a-3 (hand sample DC 4a)

SP 15

Above right, you will see a stereonet with data from the Gurla Mandhata area. Great circles represent strikes and dips taken on the prominent fabric (foliation) in the Gurla Mandhata rocks. The fabric (foliation) lies parallel to the contact between the Gurla Mandhata rocks and the overlying Pulan Basin/Tethyan rocks. The open circle represents the mean trend plunge of stretching lineations in the rocks.

Radiometric ages show that recrystallization associated with foliation formation near the contact between Gurla Mandhata and Pulan Basi/Tethyan rocks occurred about 9 Ma.

Be sure that you consider the following (some of which you work on in PS 24):

· Nature of deformation (not deformation mechanism) as seen in the rocks samples, thin sections, and any maps, cross sections, or photographs of the area, including spatial

· Rock types and deformation mechanisms that operated in the rocks (pay particular ttention to evidence in thin section).

· Conditions of deformation as suggested by the rock types and deformation mechanisms.

· Timing and cause of deformation.

***If any of your samples or thin sections show lineated and/or asymmetric fabrics, you may ask me for orientation data for the samples and thin sections, and you should determine shear sense to integrate into your interpretations.*** 

� All data for this case study come from M.A. Murphy, An Yin, P. Kapp, T.M. Harrison, C.E. Manning, F.J. Ryerson, Ding Lin and Guo Jinghui, 2002, Structural evolution of the Gurla Mandhata detachment system, Southwest Tibet: implications for the eastward extent of the Karakorum fault system: GSA Bulletin, v. 114, no. 4, p. 428-447.








