Instructor’s notes

Designing Sedimentary Geology Courses Around Field Projects With Realistic Scenarios

-  Enclosed is an example of a syllabus of my Sedimentology course, which is field-oriented and project based.  Emphasis on fieldwork is possible because of the unique geographic and geologic location of Smith College in the middle of a Mesozoic rift basin in western-central Massachusetts.  The students spend 5-6 afternoons examining local geology just north of the campus.  Students also spend a weekend (2 days) in New York state looking at Paleozoic marine carbonate and siliciclastic rocks, and one weekend day on the coast examining modern depositional environments.  When not in the field the students spend most of our class time working on various activities that are directly related to the projects.  All projects are interrelated and built upon each other.  Each project has several parts, including for example a field component, sample preparation and petrographic analysis, optional drafts, and final reports.  Students receive feedback on one part before the next one is due.

- In the field students work in assigned teams to make observations and take digital photographs, which are posted on the course web page and can be included in final project reports.  The students also collect samples for thin sections and petrographic analysis later in the semester.  The instructor monitors students’ progress and guides them by asking questions and occasionally offering “hints.”

-  Actual assignments with supporting materials for the three main projects with realistic scenarios are included:  P1 – Chard Pond Project; P2 - Geology of the Connecticut River Valley; and P3 – New York Project.
P1 – Chard Pond Project

This project is completed early in the semester after the students have had an introduction to field description and interpretation of sedimentary rock textures and structures.  This project is designed to introduce the students to measuring and describing a stratigraphic column with the goal of addressing concerns of a local farmer about the occurrence of flooding or storm events and earthquakes in this area in the past.  The section measured is several meters thick and consists of sandstones with beautiful examples of cross-bedding and soft-sediment deformation features overlain by conglomerates.  This section is part of a Mesozoic rift basin, which the students will continue examining in project 2.  In the process of answering the farmer’s questions the students are starting to learn about some specific depositional environments, and are continuing to practice describing and interpreting sedimentary textures and structures.  As the sedimentary structures are the key here consider providing the students with illustrated atlases and books on this topic such as: Pettijohn and Potter 1964; Collinson and Thompson, 1982; Ricci Lucchi, 1995). Encourage students to carefully describe and illustrate the features observed and the processes responsible for their formation.  The students receive feedback on their draft stratigraphic columns and description tables, and I also offer to look at a draft of their final paper.  For their final report the students need to keep their audience and objectives in mind: they are writing for the local farmer.

P2 - Geology of the Connecticut River Valley

This project builds upon and is an extension of the first project.  Students visit additional sites within the Deerfield basin – a Mesozoic rift basin in Massachusetts – to learn about local geology because they have been asked to prepare an overview paper on this topic as organizers of a geological conference.  The audience this time consists of renowned geologists and in their final project reports the students include descriptions of the succession of strata examined and more detailed interpretations of depositional environments.  In this project students also consider basin forming mechanisms and basin evolution.  In the field the students take strike and dip measurements, which are used to construct a schematic geologic map and cross-section through the basin.  To assist them with this objective the students are provided with additional information about the orientation of strata within the basin (see supporting material; file 1), and about the basin stratigraphy (the Newark Group strata):

Formation



Age



Thickness

*Turners Falls Sandstone

Jurassic


~2000 m

 and Mt Toby Conglomerate

Deerfield Basalt


Jurassic


55 m

Sugarloaf Arkose


**Triassic/Jurassic

1700 m

[unconformity]

“Basement”



Lower Paleozoic

----------------------------------------------------------------------------

*Turners Falls and Mt Toby are coeval lateral equivalents

**Triassic/Jurassic boundary is in the upper Sugarloaf Arkose 

Other “hints” include:

- global distribution of the Newark Group deposits and general paleogeography:

Olsen, P.E., McDonald, N.G., Huber, P., and Cornet, B., 1992, Stratigraphy and paleoecology of the Deerfield Rift Basin (Triassic-Jurassic, Newark Supergroup), Massachusetts, in Robinson, P., and Brady, J.B., eds., Guidebook for Field Trips in the Connecticut Valley Region of Massachusetts and Adjacent States, Volume 2: 84th Annual Meeting, New England Intercollegiate Geological Conference, The Five Colleges, Amherst, Massachusetts, p. 488-535.: Figure 1. Pangaea during the Late Triassic; and Figure 2: The Newark Supergroup of eastern North America.

The Paleomap Project by Christopher R. Scotese (http://www.scotese.com/).
- information about mechanisms for basin formation and subsidence such as:

Allen, P.A., and Allen, J.R., 1990, Basin Analysis: Principles and Applications: Blackwell, 451 p.: Figure 1.12 The three basic mechanisms for basin subsidence (p. 14).
P3 – New York Project
This project is designed as an introduction to carbonate rocks, fossils, marine depositional processes, and foreland basin formation and evolution.  This time students are “hired” by a PI of a large multidisciplinary project to work together with paleontologists in the field (on a joint Sedimentology and Paleontology class field trip) to decipher the history of sea level change and tectonic evolution of eastern North America during the Ordovician (see the actual assignment).  This project also introduces the students to sequence stratigraphy (as the succession examined is bound by two major regional unconformities) and Walther’s Law.  The students benefit from learning about mechanisms for basin formation and subsidence such as:

Allen, P.A., and Allen, J.R., 1990, Basin Analysis: Principles and Applications: Blackwell, 451 p.: Figure 1.12. The three basic mechanisms for basin subsidence (p. 14); and Figure 6.11. Sequence of diagrammatic cross-sections of the Appalachian foreland basins (p. 156).

Einsele, G., 1992, Sedimentary basins: Evolution, Facies, and Sediment Budget: Springer-Verlag, 628 p.: Figure 12.30. Model showing transition from remnant oceanic basin to foreland basin (p. 486).

Additional information useful for completion of the project includes examination of a paleogeographic reconstruction of the world with focus on eastern North America (Laurentia) during the Late Cambrian or Early Ordovician (see for example: the Paleomap Project by Christopher R. Scotese -http://www.scotese.com/).  Such a reconstruction could be compared to the one of the early Mesozoic examined previously in Project 2 to hypothesize about tectonic events that affected eastern North America “in the meantime.”  Special focus should be paid to the presence of an island arc - an encroaching land, which is to collide with North America in the Ordovician.  Another useful fact is that paleocurrent reconstructions from turbidites of the Austin Glen (or Schenectady) Formation show present-day east to west flow and sediment transport.  Also useful is to realize that graptolites were planktonic organisms.  

Final reports for Projects 2 and 3 are due near the end of the semester when the relationship between sedimentation and tectonics is further examined and put in perspective in an activity dealing with the geologic history of the Appalachian basin (see activity contribution: Sedimentation and Tectonics - Geologic History of the Appalachian Basin).

For additional information including the solutions to these activities contact Bosiljka Glumac (bglumac@email.smith.edu).
