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New Approaches to field-based analysis of stratigraphic sections

Goals

In this session I will describe in detail a field-based project that is designed to teach students how to interpret processes of deposition and paleoenvironments from outcrop. This is a fundamental skill in the field of sedimentary geology and provides the foundation for advanced sedimentological and stratigraphic study. 

The project covers data collection, separate interpretations of depositional processes and paleoenvironments, use of cut slabs and thin sections, and the use of mock expert "consulting" sessions with groups of students. The detailed instructions to the students are provided in a separate file labeled “Field_Project.doc”.

Project

1. Data collection. Students are divided up into groups of three. I pick the groups and try to make sure that the quality of students is divided evenly. The students are required to make a stratigraphic section of an outcrop. I do two of these projects during the course of my Sedimentology class, one in which I have them make a stratigraphic section directly into their notebooks, and a second in which they take notes in writing and then draft the section once they are back at campus. Examples are given in files “Fig.1-3”.  In at least one of these projects I choose an outcrop in which there are multiple repetitions of facies, so that students get used to the concept of facies and how to describe them when there are multiple units of the same facies.

Data collection includes the usual range of information (e.g., bed thicknesses, grain size, lithology, sorting, bed geometry, sedimentary structures, etcetera). The students also collect paleocurrent data, some of which is almost inevitably done incorrectly the first time around. These mistakes are then part of their analysis of the data and a learning experience for their second field project. If there is not much paleocurrent data to be had, I sometimes provide paleocurrent data, which I say was collected by previous students, or taken from adjacent outcrops, even if I simply make them up! An example of such data is provided in file Paleocurrent_Data.doc.

2. Interpretations. The interpretation section of their report is divided into two parts. The first is a process interpretation section that should directly follow each facies description (e.g., Facies 1 description, Facies 1 process interpretation; Facies 2 description, Facies 2 process interpretation; etcetera). These process interpretations are completely independent of the paleoenvironmental interpretations, and I specifically forbid them to name any depositional environments at this point. This approach emphasizes the difference between processes and environments, illustrates how the combination of many processes can help narrow down a paleoenvironment, and shows how the inferred processes can in cases be compatible with multiple paleoenvironments. Examples of both process interpretations and paleoenvironmental interpretations are given in the project handout (see file Field_Project.doc).

3. Laboratory Time. The fieldwork takes between a day and a day and a half to complete. One of the biggest problems is the inability to properly identify lithologies. I tend to let the students flounder a bit in the field and encourage them to collect samples that they can bring back to campus. I let them cut slabs with a rock saw and then provide binocular microscopes with which they can look at the slabs. I also have a set of thin sections for each major facies on hand to use after they have tried their hand with a binocular scope and the slabs. I provide detailed instructions for every step of the project, particularly the drafting of sections. I also require that they show me their drafted sections in pencil for my approval prior to copying them in ink.

4. Consultation sessions. In order to keep the students from going off into left field with their interpretations, I allow each group to “hire” me as a paid consultant for a half hour consulting session. These sessions also act as an important teaching tool in that students learn how to think through problems (instead of simply guessing wrong). I give some advice and opinions in these sessions without giving too many answers away. I ask a number of different questions, and the instructions that I give them are provided in the accompanying file Consulting_sessions.doc. I ask each group to be prepared to discuss possible interpretations for each lithofacies. I start the discussion of each facies by asking the students whether they think it was deposited in the ocean or above sea level (marine or terrestrial). If marine, I ask them if they think it formed in deep or shallow water, then high or low energy. I don’t necessarily correct their mistakes unless they are extreme, although I may guide students in a different direction by asking pointed questions about the basis of their interpretation. After going through the facies I ask them to present their ideas for the depositional history of the outcrop. They are required to illustrate their interpretations with a generalized stratigraphic section and an associated relative sea level curve (technically, a paleobathymetric curve). The X-axis of the curve might range from “deep” to “shallow” for lower quality presentations, to those that include such depth indicators as “MHT” (mean high tide), “MLT”, “FWWB” (fair weather wave base), “SWB” (storm wave base) for the better students.

Summary

As sedimentological and stratigraphic studies become more quantitative, and as computer models become a larger part of graduate work, it is important to provide students with the ability to gather the basic data on which these models are constructed. This project gives them practical experience in measuring section, identifying lithologies, interpreting depositional structures, and writing up a comprehensive report. The complete project takes a considerable amount of time and counts as a large percentage of their grade in the class. 
