About You 

Your Name:  Kim Hannula
Your Institution: Fort Lewis College
Your E-mail Address: hannula_k@fortlewis.edu
.
Your Activity or Assignment 

Activity/Assignment Title: Using Field Lab Write-ups to Develop Observational and Critical Thinking Skills
Type of Activity: adaptation of field lab
Brief three-line description of the activity or assignment and its strengths:

This adaptation of field labs incorporates writing in the form of “Description” and “Interpretation” sections of a geologic report.  It can be used in many types of field labs to improve critical thinking and understanding of descriptive terminology.
Context 

Briefly describe the type and level of course in which you use this activity or assignment:  undergraduate required course in structural geology, could be adapted to other courses involving field labs
Briefly describe or list the skills and concepts that students must have mastered before beginning the activity: assignment can be adapted to a variety of levels, although I typically use it after students have learned to use a stereonet
.F
Briefly describe how the activity is situated in your course: stand-alone field labs
Goals of the Activity or Assignment

Briefly describe the content/concepts goals for this activity:

· descriptive analysis of field-scale structures (may include folds, foliations, lineations, joints, and/or faults, depending on field area available)

· stereonet plotting and analysis

· may include any other concepts appropriate to available field area (general discussion of strain, pure and simple shear, kinematic analysis, fracture analysis, etc.)

.

Briefly describe the higher order thinking skills goals for this activity: 
· analysis of field data

· evaluation of competing hypotheses (if field area has appropriate problem)

· separation of description and interpretation in writing

Briefly describe any other skills goals for this activity: 

· writing (particularly writing spatial descriptions and using structural geology terminology)

.
Description

Please provide a short description of your activity or assignment and its outcomes. Please be sure to include essential key words or index terms to help users find resources using our search/browse functions:  

These assignments are adaptations of field labs to incorporate writing.  For each field lab, students write a partial geologic report, consisting of a description (or “Structural Data”) section, an interpretation section, and appropriate supporting figures (potentially including stereonets, field sketches, maps, cross-sections, etc.).  Handouts given at the beginning of lab list (1) the goals to be accomplished in the field (measurement of foliations and lineations, measurement of bedding around a fold, description of structures, field sketches, etc.), (2) the figures expected in the write-up (stereonets, field sketches, etc.), (3) a list of information to include in the description section, and (4) a list of questions to address in the interpretation section.  Depending on the field area, students may be given two or more competing models to test in the field or may be asked to relate descriptive analysis to kinematic or mechanical analysis.  This adaptation can be used for field labs at all levels, from labs designed to review field techniques and identify basic types of secondary structures to labs that simulate research experience.  This type of write-up improves student writing by giving students practice using terminology and describing spatial relationships, and improves critical thinking skills by requiring written interpretation of structural data.

.
Evaluation 

Describe briefly how you determine whether students have met the goals of this assignment or activity:

Grading is divided into three categories: (1) stereonet data, (2) description, and (3) interpretation.  Each student’s stereonet plot is compared to his/her table of data collected in the field for the stereonet grade.  The description section is graded based on (1) completeness of the description (compared to expectations in lab handout), (2) correct identification of structures, (3) correct spatial descriptions (compared to field sketches, stereonets, tables of data collected, and instructor’s observations in the field area), (4) correct use of terminology, and (5) separation of interpretation from description.  The interpretation section is graded based on (1) reasonableness of interpretation, given the description of structures and the background of the student (i.e., students are not expected to have mastered material not yet covered in class), (2) completeness of interpretation (compared to expectations in lab handout), (3) correct use of terminology, and (4) separation of description from interpretation.  Quality of writing can also be used as one of the criteria for grading.  Grades may be adjusted based on inclusion of a “Further Work” section, in which students can discuss observations they should have made in the field in order to be able to complete the interpretation.
Instructor’s notes: Using Field Lab Write-ups to Develop Observational and Critical Thinking Skills
This packet includes (1) a handout I give students at the beginning of the semester about the general format of field lab write-ups, and (2) examples of lab handouts using this format.

I use this style of assignment for all of my field labs.  It can be used for labs ranging from a first lab on recognizing structures in the field to a culminating weekend-long field trip.  The examples include an introduction to structures lab and a fold description and interpretation lab.
I generally do not require an introduction or conclusion for these field labs, because I want the students to focus on interpreting their field data rather than on library research.  I do, however, require students to cite references (including their textbook) if they use them.  This is particularly important when I ask students to creatively interpret structures that we have not yet discussed in class – I want to know if students have come up with their own explanations (which often include incorrect preconceived notions of how certain structures form), or whether they have looked up answers from the textbook.

Information I always list in the lab handout includes:

· list of tasks to be accomplished in the field

· list of expected plots or figures to be included in the write-up

· a list of features I expect to be described

· a list of questions to think about and answer in the interpretation section

The lab handouts can also include background information about the field area, location maps, specific instructions for field methods, etc.

Further Work and Acknowledgements sections:

I use the “Further Work” section to encourage students to learn from their mistakes by thinking about things they could have done differently.  Students rarely include it, however, and I don’t remember ever actually adjusting a grade based on it.  I require “Acknowledgements” of any help students have received on all assignments for all courses, to encourage students to be honest about the discussions they have in the field or in lab, with me or with other students.
Write-ups for field labs
Your field labs should be written up as if they were the middle section of a technical report.  They should include at least three parts:  "Structural Data", "Interpretation", and "Further Work".   For this class, you won't need to write introduction or conclusion sections.

The "Structural Data" section should consist of descriptions of the structures you saw in lab.  Your descriptions should enable the reader to visualize the shapes and orientations of the structures as precisely as possible in as few words as possible.  You will find the descriptive terminology defined in your textbook useful.  You will also find it helpful to refer to figures, including your stereonets, sketches you made at the outcrop, and maps or cross-sections you made for the lab.

The "Interpretation" section is where you answer questions like "how did these structures form?”  The types of interpretation that are possible will depend on the particular lab.  I expect you at least to answer the questions in your lab handout in your interpretation section.  If other questions that interest you arise during the lab, feel free to answer them as well.  You should cite written sources (including your textbooks) if you use them.  (Unless you figured out your entire interpretation for yourself, you should cite a reference.  If you figured it all out yourself, you need to explain your reasoning in gory detail.)

The "Further Work" section could also be entitled "Things I wish I had looked at or done in the field but didn't."  The process of describing and interpreting structures often raises questions that require observations you didn't happen to make.  Recognizing what you should have done last time you were in the field is the key to improvement as a field geologist.  It is also a way to improve what might have been a poor grade based only on your observations and interpretations.

Grading criteria:

•
correct plotting of data on stereonets

•
clear, accurate descriptions of structures

•
well-argued interpretations that are consistent with your observations

•
recognition of observations that could have made the work better (improve grade only)

Labs should also contain an "Acknowledgments" section if you learned anything from talking to anyone (which I expect everyone to have done, at least in the field).

GL281:  Charlotte road cut lab 

Goals of this lab:
•
Re-learn how to use a Brunton to measure planes

•
Learn how to use a Brunton to measure lines

•
Practice identifying several primary and secondary structures in the field

•
Determine the relative ages of cross-cutting structures

In the field:

· Measure at least two lines and two planes on the boards set up near the van.

· Identify and measure as many structures (primary and secondary) as possible in the Charlotte road cuts.  Measure at least five of every type of structure you find (unless there are fewer than five in the outcrop).

· Figure out the relative ages of the structures you measured.  

Write-up:

Plot all your data on two stereonets.  Plot the data from the boards on one net, and plot the structures on a second net.  Plot all planes as poles.  Use different symbols or differently colored dots for each type of structure.

Structural data
· Describe the orientations of the structures you measured.  Make use of the stereonet in your description.  

· Use your stereonet to determine the variation in orientation among each type of structure.  (That is, what is the angle between the measurements that are the most different?)

· Describe any cross-cutting relationships (including deformation of one set of structures by a second set of structures) you observe.

Interpretation
· In what sequence did the structures that you see here form?  How do you know?

· For each type of secondary structure:  what strain do you think each structure represents?  If possible, describe the strain in terms of the directions of maximum and minimum principal strain.  If not, describe the strain qualitatively in terms of the stretch observed in any directions in which you can estimate the stretch.  (That is, is the stretch perpendicular to the structure greater or less than one?  Is the stretch parallel to the structure greater or less than one?  Is there any other direction in which you can say anything about whether shortening or lengthening occurred during formation of the structure?)  Explain your reasoning for each estimate in gory detail.

· For each type of secondary structure you measured:  are all the examples you measured consistent with the same finite strain ellipsoid?  Explain.

· Are any of the types of structures consistent with the same finite strain ellipsoid?  Explain.  If any of the groups of structures could have formed under the same deformation conditions, do you think they could have formed at the same time?  Explain.

· Summarize any changes in strain that the rocks in the Charlotte road cut have undergone, combining your thoughts about the strain represented by each structure and the sequence of formation of the structures.
Field Lab:  Lime Creek Fold
Purpose:  To describe and interpret folded rocks.

In the field:
· Measure the orientation of bedding around the fold.  Measure the strike and dip of bedding in at least eight places, with at least four measurements from each side of the fold.

· Describe the fold completely (scale, attitude, symmetry, tightness, hinge/limb ratio, Ramsay class).

After returning from the field:
· Determine the orientation of the fold axis by constructing a  diagram using your stereonet.  Is the fold cylindrical where you measured it?

· Use the stereonet to measure the interlimb angle of the fold.  (There are two possible angles you can measure.  Think carefully about which one you want.)

· Use the stereonet to find the plane bisecting the two limbs of the fold.
· Think about the kinematics of fold formation.  What mechanisms may have been involved in forming the fold?

Write up:
Your lab should consist of three sections:  structural data, figures, and interpretation (plus acknowledgments and references as appropriate).

Structural data:  Describe in detail the fold you measured, using all the descriptive terminology correctly in sentences and paragraphs.  List all of your strike and dip data in a table at the end of this section; your table should include attitude of bedding, location (which limb of the fold is it on?), and rock type where bedding was measured.

Figures:  

1) A field sketch showing the approximate location of your attitude measurements.

2) A plot of all of your bedding orientations on a stereonet.  Use the stereonet to find the orientation of the fold axis, the interlimb angle, and the plane bisecting the limbs of the fold.

Interpretation:  By what mechanism(s) could the fold have formed?  What can you tell about the structural history of the area from your observations of the fold?  If there is more than one possible cause of the fold, what other data would you need to determine which explanation is best?

