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The general technique

In this technique, teams of students are assigned to investigate different aspects of the same problem/issue. Once teams have completed their assignments, members of each team then disperse during class among mixed groups and teach group
 members from other teams about what they have learned. The group then completes a task that ties all of the pieces together to reveal the “picture”. Each person makes up part of the “jigsaw puzzle”, hence the commonly-used nickname for the technique. This technique can be used equally well for assignments involving data analysis or field work and in assignments involving reading. A detailed outline of steps to follow for constructing a jigsaw activity appears on page 4, but a short outline follows:
•
Prepare several different assignments for the class. For the sake of example, suppose you devise 4 assignments. Divide the class into four teams, and have each team prepare one of the assignments.

•
Once each team is prepared, divide the class up into new groups. Each group will have one team member from each of the teams. Each member of the group is responsible for teaching the rest of the group what he/she has learned from his/her team assignment. 

•
The group then puts all of the pieces together and addresses a question that can be answered once all of the team pieces are together.
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Short examples:
Introduction to classification of igneous rocks:  As students enter a large introductory class, they each pick up one rock from a box of samples by the classroom door. The box contains samples of gabbro, granite, and basalt. Before beginning igneous rock classification, the instructor asks each student to study his/her rock sample and write down all the observations he/she can make about it. After giving the students several minutes to study their rocks, the instructor asks the students to make groups of three so that each group has three different rock types. Each group then compares rocks, noting similarities and differences. The instructor then asks groups what they have noted in their rocks and writes down responses on an overhead transparency. Students make all of the observations that one might expect them to make about color, grain size, and texture, providing an engaging base for the instructor to then introduce igneous rock classification. (Jeff Niemitz).

In the field: While on a field trip, students are divided into teams of 3-4. At each outcrop, each team is assigned a portion of an outcrop to examine closely and given an assignment pertinent to the character of the field trip (e.g., based on what you can see in your section of the outcrop, what is the structural history of these rocks? the depositional environment? the intrusive relationships? the rock types?). After each team has examined its section, mixed groups rotate through the sections of the outcrops, with each team member sharing what he/she discovered and discussing what the group can determine overall from the outcrop. This technique encourages students to look closely at an outcrop, rather than wandering around and looking only casually, and also drives home the point that what you conclude depends upon the outcrop exposure. (Barbara Tewksbury)
In the lab: Students are divided into teams of 3-4 and look at a particular group of thin sections or samples. Once each team is done with its study, mixed groups form, and team members share what they have learned about their samples/sections. Groups then consider the implications of similarities and/or differences. The advantages of this strategy are two-fold: 1) few of us have enough multiple thin sections for all students to easily look at identical thin sections and 2) looking in detail at a few thin sections/samples and in general at a number of others gives students both the practice in detailed analysis and the experience of seeing the variability between thin sections/samples  without requiring them to see all of in excruciating detail. (Barbara Tewksbury)
Reading assignments with overlapping but different topics. After having learned several techniques for measuring strain in real rocks in a structural geology course, the instructor assigns a different research article from the published literature to each of four teams. Before class, each student reads his/her article and prepares written answers to a set of questions, which the instructor collects in class. The instructor meets briefly with each team to make sure that no important points have been missed. In mixed groups, each person teaches the rest of the group about his/her article, and the group has a discussion on which articles show the best examples of 1) establishing volume loss during deformation, 2) establishing whether deformation involved pure shear, simple shear, or compound strain, 3) establishing the orientation of foliation with respect to the principal directions of the strain ellipsoid, and 4) establishing what variables appear to govern foliation development in rocks. Each person is responsible for learning enough from the other group members to then write an individual summary explaining two examples for each of the four points. (Barbara Tewksbury)

Benefits of the technique
Repeated use of the technique accomplishes the following:

•
Students have the opportunity to teach themselves, instead of having material presented to them. The technique fosters depth of understanding.

•
Each student has practice in self-teaching, which is the most valuable of all the skills we can help them learn.

•
Students have practice in peer teaching, which requires that they understand the material at a deeper level than students typically do when simply asked to produce on an exam. 

•
Students “talk geology” and become more fluent in use of geological terminology.

•
Each student has a chance to contribute meaningfully to a discussion, something that is difficult to achieve in large-group discussion. Each student develops an expertise and has something important to contribute.

•
Asking each group to discuss a follow-up question after individual presentations fosters real discussion.

Critical aspects for success
•
Team assignments must be carefully crafted. 

–
The best team assignments are overlapping ones. If no common elements exist among the team assignments, group discussion degenerates into a series of mini-lectures given by unskilled lecturers. If, on the other hand, assignments overlap in some way, each person can be engaged in comparison and extension of his/her assignment while other students are presenting their team assignments. 

–
Be sure that each team assignment is valuable in its own right, because teams will learn their own assignments well and those of other teams considerably less well. If each student must learn the topic of each team assignment equally well, this is not the strategy to use to have them learn it.

–
Choose team assignments that lend themselves well to comparison among teams, which fosters discussion and engagement during group sessions. You might, for example, assign each team a different set of samples, field sites, thin sections, different aspects of the same topic, different viewpoints, and so forth.

–
Choose team assignments that students can successfully reason out or teach themselves. Items that students don’t get easily on their own don’t lend themselves well to the jigsaw technique.

•
Students must come prepared. If they are not prepared, discussion will not work. Having students prepare individual written responses to carefully selected questions (a work sheet or a list of questions) forces students to think in ways that will prepare them adequately for discussion. Collecting and grading the written preparation is an option that serves as a stick. Giving a short quiz before discussion starts is effective but is less in keeping with the spirit of discussion and the notion of making students more responsible for their own learning.

•
The aims of in-class group work cannot be met if students do not come to class and participate. If students at your school tend to be casual about class attendance, you will probably need to establish some kind of “stick” to make sure that students come to class. Students also need to understand that a stiff attendance policy is not merely a whim but arises from the fact that in-class learning is vital in a non-lecture-based course.

•
Meet in a room where students can move chairs into small clusters. If your classroom has fixed chairs that cannot be moved, find a different room. The setting is, in fact, very important.

•
Be absolutely sure that you touch base with each team before teams split up to teach in the mixed groups. Be sure that each team member understands the main points and how to teach them so that he/she won’t pass wrong-headed notions along to other students.

•
Be sure to build individual accountability into the group work. Tell students that, when another student is talking, each person in the group is personally responsible for learning what that person is talking about. Tell them that, if a member of the group is muddling along and not teaching clearly, it is up to the other members of the group to prod and question until they have learned enough to do the written assignment. If prodding doesn’t illuminate the issue, tell them that it is their responsibility to call an instructor over to clarify things.

•
Don’t just stop at the end of the individual presentations. Be sure to have each group discuss a summary question or a related issue based on what they have learned from each team member. Not only does this engage students at another intellectual level in the issues, but it also provides an incentive for students to learn enough from each other that they can successfully address the new issue.

•
Assign each student to prepare an individual written summary assignment based on what he/she has learned in the group. This provides an incentive for students to be responsible in their groups. 

–
An upcoming written assignment places the focus on teaching and learning during group discussion, rather than on simple presentation. The prospect of a written assignment forces students to pay attention to other students and places the responsibility of learning on each student. A student cannot be disengaged while another student is talking if he/she knows a written assignment depends on the information.  

–
An individual summary assignment forces a student to process the information learned in the group so that he/she really learns the material. 

–
An individual assignment also allows the instructor to evaluate what each student has learned, something that can be difficult in a class that revolves around group work.

•
Be sure that students clearly understand what the advantages are of approaching learning in this fashion. Convince them that they will learn more this way than by listening to you lecture.

•
Don’t be tentative, and don’t give the impression that you’re experimenting on students with this technique. Be confident and committed, rather than negative, tentative, and apologetic.

Detailed steps for using the jigsaw technique
Step 1:  Divide the class into teams of three to five people. 
Step 2: Devise two to five different team assignments. The number of different assignments depends on how many teams you want to have, because each team will receive a different assignment. You might give teams different reading, different data sets, samples, maps or problems, different issues for discussion, different field sites, and so on.
Step 3: With a small class, give a different assignment to each team. If there are four different assignments, there will be four teams. For a larger class, create several #1 teams, several #2 teams, and so on. Give all the #1 teams the same assignment, etc.
Step 4: Unless you plan to give teams time to work during class, ask each student to prepare individually before class. One effective way to prepare students is to give them  focus questions to accompany the assignment and require that students prepare written responses to those questions. If you don’t do something like this, some students won’t come prepared to class. Rather than asking students to prepare ahead of time, you can set aside time during class for students to work in teams to do the reading/analysis (this works if the reading/analysis is short or involves equipment that is not accessible to students outside of class and does guarantee that all students do the reading or analyze the data). If there are several teams of the same number (e.g., four #1 teams), each team should meet separately, not as a large group. 

Step 5: Give each team time in class to discuss the preparation and to develop a strategy for teaching the material to members of other teams. It is the responsibility of each team to make sure that all of its members understand the material thoroughly and are prepared to teach it. It helps to provide guidelines for what you mean by “teach“.

Step 7: Don’t assume that individual teams will head in the right direction without some guidance. You need to make sure that each team is prepared to teach a mixed group and that students will make the points that you want them to make. You or an assistant needs to check in with each team at least once during the discussion session to make sure that the team has not missed the boat. Be gentle and listen – nudge, don’t pontificate. Resist the temptation to direct too strongly. As long as the team is on the right track and is prepared to address the main issue adequately, let them digress and explore. What strikes them as significant might open your eyes to something you have missed.

Step 8: When all teams are ready, reassemble the class in groups. There should be enough groups so that each group has one member from each team. Odd numbers may mean that a few groups have one extra member. In a class of 64 with four different assignments, for example, there might have been four team #1’s each with four people, four team #2’s each with four people, and so on. Each mixed group would have a #1, a #2, a #3, and a #4, for a total of four people. There would be 16 mixed groups in such a class.

Step 9: Each member of the group will then teach the rest of the group whatever was discussed or prepared by his/her team. The rationale, of course, is that a person only really learns something well when he/she has to teach it to someone else. Each person in the group is responsible for learning from the others in the group. 

Step 10: Some type of written assignment should result from the peer teaching effort, and students should have that assignment in mind as they work in their groups. A written assignment might involve comparing work done by a student’s own team with that done by a different team. Alternatively, an assignment might ask a student to take all of the information presented by each team and use it to address a new/different/summary issue.

Step 11: If the size of the class permits, evaluate students in the group setting. Sit in on a group session, and evaluate each person’s ability to teach the rest of the group. Fill out the evaluation form during the session so that students can have feedback immediately after class. This is a very useful tool for helping students improve, particularly if you outline clearly what your criteria are for assigning each level in your grading scale. Knowing that they could be evaluated at any time gives students a real incentive to come prepared, and a carefully done evaluation gives them suggestions on how to improve. It helps if you and several student assistants can simultaneously evaluate several groups in order to evaluate as many students as possible during a single session, but you can evaluate one group at each session by yourself. In a larger class, you simply won’t evaluate any individual as often. If you can work out a way to evaluate everyone at every session early in the course, however, you will see faster progress in students’ abilities to teach one another.

Step 12: Have each group complete a task that requires the group to bring all of the pieces together to form the “picture”. This might be a comparison of information from each team or it might be an entirely new task that requires information from each of the teams to solve. This is a crucial aspect of the jigsaw. Without a culminating group task, the exercise is little more than four mini-presentations by individual students without incentive for students to teach or learn from each other.

Step 13: Bring everyone back together toward the end of the class, and ask each group for its most important point. Make a list of main points on the board, going around a second time to each group if people still have points to make. Use the time to elaborate (a little! don’t turn it into a lecture!) or to emphasize important issues. You can be sure this way that you drive home the most important points. This also serves to confirm for the students that they have done a good job in recognizing the important points. If you have student assistants, ask them for additional points. This is a way to give your student assistants credibility and also to have a “plant” in the audience in case (and it does happen) one of the important points is not raised by one of the groups. As an aside, keep careful track of those points, because, for one reason or another, students have missed them and will need different reading or direction the next time in order to catch the point, if it is indeed as important as you had originally thought.
Case Study of Structural Control of Giant Rock Avalanches in Argentina
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Type of Activity : Case Study

Brief description: Case study (with a jigsaw component) of the influence of bedrock structures on the locations of giant rock avalanches in Argentina; gives students practice in interpreting geologic maps, using stereonets, and peer teaching.

Context 

Type and level of course in which I use this activity or assignment: undergraduate required structural geology course for majors

Skills and concepts that students must have mastered before beginning the activity: Students must be able to read geologic maps and interpret stereonets.

How the activity is situated in my course: This activity is one of many combined homework assignments/in-class activities that students do over the course of the semester.

Goals of the Activity or Assignment

Content/concepts goals for this activity: influence of structural weakness in bedrock on occurrence and location of mass movement events; relevance of structural geology to environmental problems; practice with structural terminology, stereonets, and geologic maps; bedrock geology and tectonics of another area of the world.

Higher order thinking skills goals for this activity: analysis of data to solve a problem.

Other skills goals for this activity: peer teaching, oral communication of ideas.

Description
To prepare for this case study, students do background reading on landslides and rock avalanches and read the introductory portion of Hermanns and Strecker’s 1999 article on rock avalanches in Argentina. In class, students receive data (assembled from figures in the article) on bedrock geology and physiography, as well as stereonets showing orientations of prominent joint sets, bedding, and foliations in the bedrock. Their task is to answer the question of why gigantic rock avalanches occur is some places but not others in this part of Argentina. Each student receives one of four possible data sets and works with a team to analyze the data and solve the problem for the team’s area. Each team member must then individually explain his/her analysis to a group of three other students, one from each of the other teams, and the group then compares the four locations for similarities and differences. The activity gives students practice in interpreting geologic maps, using stereonets, and peer teaching. The activity also connects structural geology to another geoscience discipline.

Evaluation 
I check each team to make sure that their interpretations are reasonable before they have a chance to teach other students about their area. Once each student has had a chance to learn about the other areas and data sets from three other students in the class, I draw straws to select students to present brief oral presentations to the class about one of the areas other than their own and about similarities and differences among the areas. This allows me both to reinforce points and to determine whether students learned from their peers.

Documentation 

The following pages contain two documents, described below:

Homework assignment: In order to prepare for the in-class case study, students need to do background reading on mass movement events, on the general geology and tectonic setting of the area in Argentina containing the landslides, and on the general nature of the giant Argentina landslides. I give students only the introductory portions of Hermanns and Strecker’s article (the parts that provide background for the study), and I remove the abstract so that students cannot read the author’s interpretations and conclusions. I collect the assignment in class on the day we do the case study, and I answer any questions that arose as students were doing their homework before we actually start the case study.

The in-class case study: This document has a cover page with an outline of the case study assignment plus four pages of data from four different areas described in Hermanns and Strecker’s article. Students receive this document in class. I divide the class into four teams, and each team works with one of the four data sets (this is the jigsaw component). 

Instructor’s  notes for running the in-class case study
· Students must be prepared, or the in-class case study won’t work. I have found that the homework assignment is adequate preparation.

· I begin class by asking whether students have questions about the homework.

· I then hand out the case study assignment. The case study is rather open-ended in the sense that it is not a guided activity with questions to answer. Rather, the assignment is written as a case study with background, a problem to solve, and a set of data. Students need to figure out what to do with the data and how the data might help them solve the problem.

· I divide the class into four teams, and each team analyzes only one of the sets of data. I give them time to work for awhile, and I answer questions as they arise. When a team is done with its analysis, I have a conversation with them about their analysis and make sure that each student is prepared to explain the data and the analysis.

· I then re-divide the class into groups with one person from each team in each group. Each student in a group describes his/her data set and conclusions to the rest of the group. Because each student initially received the full handout (not just his/her team’s data), everyone in the group has relevant figures for all of the teams. The group then addresses the question of the similarities and differences among the four areas.

· I wrap up the case study by drawing straws to select students to explain a data set other than their own and to explain the similarities and differences among the areas. We have a discussion about implications for other areas closer to home.

· The case study can easily be completed in a 50-minute class period.

Homework Preparation

Argentina Sturtzstroms

NAME                                                                          
Structural Geology Problem Set 16



due Friday, February 27

On Friday, we will examine the connections among earthquakes, structural weaknesses in bedrock, and huge rock avalanches called sturzstroms. Start by getting a little background by reading the whole chapter on mass movement in either of the two Chernicoff Geology books (blue or green, chapter 13) or in Marshak’s book Earth, Portrait of a Planet (chapter 16). Notice that each of the books describes the gigantic landslides that have modified the shapes of the Hawaiian islands! DO NOT WRITE IN OR MAKE ANY MARKS IN MY BOOKS.

1. What are the differences between a rock (debris) avalanche and a landslide?

2. What kinds of things can provide zones of weakness along which landslides and rock avalanches can detach, and how are those weaknesses typically oriented?

3. How would you recognize the source region for such a landslide or rock avalanche?

4. How would you recognize a landslide deposits or a rock avalanche deposit?

5. The rock avalanches described in the study that we will focus on in class on Friday involve between 3 x 106 m3 and 375 x 106 m3 of material (yes, that’s 3 to 375 million cubic meters of material). In order to put that into perspective, do the following back-of-the-envelope calculations. Show all of your work, and be sure to show units.

a. A good-sized one-family house has a footprint of about 9 x 9 m, and each floor is roughly 3 m high. If such a house has two floors, what is the total volume of the house in cubic meters? 

b. How many houses would it take to make a total volume of 3 x 106 m3? How about 375 x 106 m3?

c. The Hamilton College Field House is approximately 100 m x 50 m x 8 m. What is the total volume of the Field House in cubic meters? 

d. How many Field Houses would it take to make a total volume of 3 x 106 m3? How about 375 x 106 m3?

6. The rock avalanches that you will shortly read about are located in northwestern Argentina.  

a. On which plate is Argentina located?  

b. What is the nearest plate boundary?

c. Which plates are involved?

d. This plate boundary is a convergent boundary. Is Argentina on the over-riding plate or the down-going plate? What evidence from the topography and geology of South America can you cite to support your claim (other than the fact that plate maps show teeth pointing in the direction of subduction)?

Next, read pages 934-938 in the following article:

Hermanns, R.L., and Strecker, M.R., 1999, Structural and lithological controls on large Quaternary rock avalanches (sturzstroms) in arid northwestern Argentina: Geological Society of America Bulletin, v. 111, p. 934-948.

Note that the authors are a bit casual about their use of the terms in this article. Sometimes they refer to the deposits as landslide deposits and sometimes as rock avalanche deposits (sturtzstroms). As you discovered in the general reading, a rock avalanche strictly speaking is a turbulent cloud of rock mixed with air and other debris. A landslide, strictly speaking, is a coherent body of solid material. In either case, they are emplaced swiftly, although rock avalanches are the speedier of the two and can travel at speeds exceeding 200 km/hour.

Make a list of terms you encounter that you do not know the meanings of, look up the definitions (carefully!), and write the definitions: 

Answer the following questions:

1. How did the authors locate and identify “landslide” (rock avalanche) deposits in this region of Argentina?

2. Describe the physiography of this area of Argentina.

3. Describe the general geology of the region.

4. Summarize the structural/tectonic activity in the Sierras Pampeanas area that began in Late Miocene time (be sure to cite specific dates).

5. Why do the authors believe that many of these deposits are truly rock avalanches rather than landslides?

In-class Case Study


Argentina Sturztroms

in class, Friday, February 27

Background Geology: Hermanns and Strecker (1999) have identified colossal Quaternary rock avalanche deposits (sturtzstrom) in Argentina on satellite images. You have read general background material on rock avalanches and on the Argentina strutzstrom and have prepared answers to questions for your homework. 

The problem: Why do these gigantic rock avalanches occur in some places and not others in this area of Argentina? Remember that huge mass movement events such as this require topographic relief, some kind of instability or weakness, and a trigger.

The data: We have data from four of the areas evaluated by Hermanns and Strecker, the Southwestern Sierra Aconquija Slides and the El Rincón Slides. You and your partner will investigate only one of these areas. Data appear on the accompanying pages.

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

Presentation of your findings. Once you have arrived at a solution, you will explain your area to someone else by 1) outlining the regional topography and geology, 2) the occurrence of rock avalanches with respect to the geology, 3) the nature, origin, and orientation of possible weaknesses or instabilities, and 4) your explanation for why the rock avalanches occurred in your area. You will learn about the other three areas and compare similarities and differences among the areas.

Explanation to the class. Once everyone has learned about all four areas, you must make sure that you are prepared to describe an aspect of someone else’s area to the rest of the class. I will draw straws to determine who will answer which of the questions outlined in “presentation” above for each of the areas. This means that you must understand all four areas – if there are aspects that you don’t understand, be sure to sort them out before we get together as a class. After we have agreed on a complete picture of each of the four areas from the data at hand, your group will compare the nature, origin, and orientation of possible weaknesses or instabilities in the four areas and the explanations for why rock avalanches occurred in each area. Your group will then address 1) where the uncertainties lie in your conclusions, 2) what data you would like to have to resolve those uncertainties, and 3) to what extent what you learned from this Argentina sturzstrom case study is applicable to hazards in New York State and why. 

All data come from Hermanns, Reginald L. and Strecker, Manfred R., 1999, Structural and lithological controls on large Quaternary rock avalanches (sturzstroms) in arid northwestern Argentina: Bulletin of the Geological Society of America, v. 111, no.6, p. 934-948.
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Data from the Southwestern Sierra Aconquija Slides:
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Regional Geology:

1. Sierra Aconquija is a 100 km-long basement block composed of biotite schist, augen gneiss, and granite.

2. A geologic map with a few elevations in meters is shown above.

3. Topographic relief between the valley and the range of 2500-3000 m occurs along the entire range front.

4. Breakaway zones for the rock avalanches occur only in the area of granitic basement rock. The five best-preserved rock avalanches are shown on the geologic map above. These five avalanche deposits have an estimated volume of between 5 and 65 x 106 m3.

Structural Geology

1. Stereonet A above shows the orientations of exfoliation (sheeting) joints that occur only in the granite.

2. Stereonet B above shows the orientations of schistosity in the metamorphic basement rocks.

[image: image4.jpg]


 Data from the Rio de las Conchas Slides:

Regional Geology:

1. The map and air photo above show the region around the Rio de las Conchas. Arrows show the sources for two rock avalanches, one that tracked east and northeast and one set that tracked southeast. 

2. The breakaway zone for the slides (labeled I and II) lies in Cretaceous conglomerates.

Structural Geology

1. Stereonet A shows the orientations of exfoliation (sheeting) joints in the conglomerates.

2. Stereonet B shows the orientations of extension fractures in the conglomerates.

3. The map shows strikes and dips for bedding in the conglomerates.

Data from the El Rincon Slides:
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Regional Geology:

1. Sierra Chango Real is a high basement block consisting granite. 

2. A geologic map is shown above.

3. The rock avalanche shown on the map has a volume of about 75 x 106 m3. The rock avalanche broke away and streamed downhill along a valley and was confined by the steep valley sides. Where the valley turned, the rock avalanche roared up the north slope, incorporated some Neogene basaltic gravel, and zoomed out onto the piedmont, coming to rest over 2.5 km from the mountain front.

Structural Geology

1. The first X1 stereonet shows the orientation of exfoliation (sheeting) joints in the granite at X1 on the map. The second X1 stereonet shows the orientation of minor faults in the granite at X1.

2. The first X2 stereonet shows the orientation of exfoliation (sheeting) joints in the granite at X2 on the map. The second X2 stereonet shows the orientation of minor faults in the granite at X2.

 Data from the Sierra Laguna Blanca Slides:
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Regional Geology:

1. Sierra Laguna Blanca is a 600-m-high basement block consisting low-grade Precambrian metamorphic rocks in the south and Paleozoic granitic rocks in the north. A geologic map with a few elevations is shown above.

2. The breakaway zone for the rock avalanches occurred preferentially in the Precambrian metamorphic rock. At least nine rock avalanches occurred in this area.

Structural Geology

1. The first stereonet shows the orientations of minor faults in the metamorphic basement.

2. The second stereonet shows the orientation of exfoliation (sheeting) joints in the metamorphic basement rocks.

3. The third stereonet shows the orientation of a penetrative schistosity (sf1) and a second minor foliation (sf2).

�The term “team” throughout means a number of students working on the same thing. “Group” means a mixed group of members from various teams.
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