Sea Level and Facies Changes: Classroom Activity or Lab Exercise
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Objectives
Participants will be able to visualize and predict how changes in sea level can control the lateral and vertical facies distribution within and adjacent to a marine sedimentary basin. They will also critique the model and identify shortcomings and assumptions that the model makes. Participants will be able to draw a sea-level curve for Paleozoic rocks of the Central Midwest. Add-on activities will require participants to apply this knowledge to real-world-type situations (pseudo-cores, cores, field work) and models (Jurassic Tank).
Materials
Tubes: These are the ‘stratigraphic columns’. I used the ‘Unbreakable Super Tubes with Stopper’, set of 10, product # 96-1987, $19.95, from http://www.carolina.com. 
Colored Beads: I used ‘Opaque assortment, round-shaped beads, 9x6mm, sold per package of 1,000 beads, cost $3.53 / pkg, I used 10 packages, from http://www.firemountaingems.com. I then had to bribe friends and family to sort them by color. 
Containers for sorted beads: Plastic containers from the back of your kitchen cupboard or a hardware store

Measurer: Five small ‘pourable’ containers that can easily measure 10ml beads. 

Perspex / Plexiglass ‘Holder’: I got Perspex, cut to ‘legal size paper (8.5” x 14”) at the hardware store, where I also got the wood and screws to stand them up. 
Template: print out and use bulldog clips to hold on stand

Something to form ‘basement’ at bottom of tube: black beads, old material, sand…..
Digital Camera

Student Handout
Background Information

This exercise can be used to pre-teach content prior to a field visit, or as a follow-up to a field visit, or both.  I like to use it as a follow-on, because that way the students are focused on the information they can directly record when they are in the field and those that are wont to worry are not getting bogged down in Big Picture questions; I am however able to ask some questions in the field that engage their curiosity regarding the role of sea level change and the ‘big picture’ as a lead-in to this exercise.
I  introduce a simplified series of depositional settings (Figure 1), which are: Stream, Beach, Shelf & Continental Slope, and Ocean Basin (siliciclastic) and Ocean Basin (carbonate). Coarser sediment is deposited closer to source (fluvial), finer sediment deposited farther from source. Farthest from source, where essentially no siliciclastic terriginous material is available carbonate sediment is deposited.  The ‘position’ that it is easiest to track is the transition between the stream sediments and the fluvial sediments; this transition is assumed to mark the position of sea level.   I do NOT use a horizontal line to mark sea level because it gets into so many problems with accommodation space and ‘what is sea level being measured relative to?’. Students need to grasp the fact that the sedimentary settings will ‘move’ with sea-level, and that the settings in Figure 1 shift as sea level position changes, and the sediments deposited consequently change too.  Figure 2 is the ‘column’ diagram I use.
Doing the Exercise
1. Students line up the test tubes (stratigraphic columns) in front of the template clipped to the perspex stand. They need to make sure the template is lined up at the top of the Perspex, and that they have the ‘basement’ material in their tubes, to produce the slope representing land-ocean basin. I use the black beads to create this. Students need to make sure they keep a note of the bead color that represents each environment on their lab/exercise handout.
2. Students follow the instructions for two sea-level scenarios (Parts I and II). For each of these they need to make notes / record results on the handout/worksheet. They can use non-permanent marker pens to practice drawing the stratigraphic correlation on the perspex, before they commit it to paper.

3. Students now need to explain/interpret the simple facies diagram they are given (Part III) in terms of sea level changes. I make sure they can reproduce it by going through a series of steps…not just filling the tubes to mimic it…
4. Students complete Part IV which is the drawing of a simple sea-level curve for the Paleozoic stratigraphic sequence in SE Minnesota.

5. Students discuss and answer questions (Part V) about the assumptions and problems associated with the model used in this exercise. I do this as a discussion as well as getting them to answer questions.  Sometimes I spontaneously add questions about specific sedimentation rates, the slope (angle) of parts of the continental margin, subsidence, erosion…
Extending this Activity/Exercise
This activity/exercise can be extended by 

(i) Field work

(ii) Using real sediment (that way the students practice their grain-size terminology)

(iii) Using ‘pseudo-cores’ constructed from sediment. These cores are tied to a fictitious map; students have to use the data in the pseudo-cores to map out the extent of different facies, determine shoreline positions etc. (I use cardboard from paper towels to hold the ‘cores’ that I glue together)
(iv) Using real core data

(v) Using geological maps and associated descriptions of units and 

(vi) Using (in Minnesota) the County Water Well Database

(vii) Using the publicly available data for the NCED Jurassic Tank ‘mini-tank’ (http://www.nced.umn.edu/Rapid_and_slow_Level_changes_XES_96_Prototype_basin.html)
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