When Pond Scum Ruled the World – 
The Proterozoic Fossil Record [Instructor Notes]
What you need to teach this lab:
· Samples (or good images) of modern cyanobacteria. The good news is that many cyanobacteria are cheaply bought and easy to culture.

· Thin sections of cherts that contain microfossils. These are a bit harder to come by, but you could substitute high-quality images and perhaps acquire only one or two good cherts.

· Examples of acritarchs. Here, one could cheat a bit and use Phanerozoic acritarchs, or use photos from the literature of Proterozoic examples. Since acritarchs are freed from their rock matrix before we look at them, the examination of acritarchs on a microscope slide isn’t as important as it is for cherts.

· Examples of stromatolites. I think you need at least a couple good stromatolites, but some of the exercise can certainly be done from line drawings or photographs. A significant advantage of line drawings is that you can design a stromatolite that shows the features you’d like the students to learn about.

· A sample stromatolite with a sketch interpretation. My experience is that students are nervous about sketching, so a sample that shows what you’re looking for will go a long way toward alleviating their hesitation (unless sketching has been covered earlier in the course).
Background [This can be presented as an in-class lecture, discussion, or homework assignment, prior to lab, if desired].
The earliest fossil record is subtle enough the Charles Darwin didn’t recognize its existence. Nevertheless, the early ecosystems on the planet – composed entirely of microbes – changed the planet forever. Cyanobacteria inhabited the shallow waters and left a record in the sedimentary rocks they helped form. More importantly, though, these bacteria conducted photosynthesis, producing oxygen as a byproduct. 

Why is that innovation so crucial? To address that question, think about (or look up) the composition of today’s atmosphere. What gases make up our atmosphere, and what is the source of each one?

Nitrogen (primitive in atmosphere; element doesn’t combine with most rock-forming minerals)
Oxygen (produced by photosynthesis)

Carbon dioxide (produced by respiration; used by photosynthesis; also outgassed from mantle)

Water (outgassed from mantle; delivered from comets)

Trace gases: methane, argon, etc.

Speculate on the composition of the atmosphere in the absence of life on the planet.

Likely no/little oxygen (no photosynthesis); carbon dioxide levels not modulated by life
We know from the sedimentary rock record that the Earth’s early atmosphere had virtually no oxygen in it. The early cyanobacteria are the most likely source of the first oxygen in the atmosphere. It’s likely that these microscopic creatures caused tremendous ecological upheaval when they “polluted” their environment with a gas that would have been toxic to nearly everything on the planet at the time. 
But how do we observe these first environmental engineers directly? Can you really see evidence of microscopic life in a rock? Read on, time travelers!

Part I: What do Bacterial Fossils look like?
Go to the front of the room and prepare a microscope slide with bacteria. Use an eyedropper to put a drop of scummy water on the slide. Place a cover slip over the water drop (you can get a lesson in this technique if it’s unfamiliar to you). Carry it back to your microscope and describe what you see. Feel free to draw what you observe as well. Consider the following in your description:

· How many microbes do you see?

· What morphologies (shapes) are present?

· How are cells arranged?

· How big are they?

· Which ones are cyanobacteria? What makes you think that?

Pair up with another student and compare notes. Did each of you observe the same things? Reconcile your observations, if possible.
Now, go to the front of the room again and pick up a thin section (a thin section is a slice of rock sliced thinly enough that light can pass through it. The rock is mounted to a glass microscope slide).  You’re looking at a real rock, in this case a chert, so it’s going to be a bit more complicated than the water drop. You’ll see rock features and fossil features. Examine what you see there, and see whether you can identify and describe some features that are most likely associated with the rock. Like larger rock features, microscopic features might include

· Layers of various sizes

· Cracks, joints, faults, or veins

· Grains of varying size

· Boundaries between mineral types

Now, just like you do with larger fossil samples, see if you can “look past” the rock features to identify fossils. Start by looking for features that are similar in size and shape to the living examples. Find something that looks promising and see whether you can convince a classmate that you’ve found a fossil. Describe what your rock contains. Think about the following:
· How abundant are fossils in your sample?

· What morphologies are present?

· How are cells arranged?

· How big are they?

· In what ways are they similar to or different from the cyanobacteria you looked at earlier? 

Examine the label on the thin section. It should include a formation or geologic group name. Look up that name and determine the approximate age of your sample. _________ Is this a very old or a younger rock, as fossils go?

After class extension – Look at a reference book on cyanobacteria, or do an online search. Do you see any other modern organisms that resemble what you found, or did you find mostly unique forms? Propose an explanation for this observation.

Many fossil cyanobacteria will have modern analogues that are very close morphologically. In addition, there may be many modern cyanobacteria (or even other sorts of bacteria) that all look very similar (little round thingies, for example). Students might speculate that cyanobacteria have not evolved through time (e.g., hypobradytely); or that the range or morphological possibilities is limited in prokaryotes, and similar morphology might mask large phylogenetic differences.
Part II. Stromatolites: structures built by bacteria


Microfossils, as you might have guessed, are a bit frustrating to work with. In order to determine whether fossils are present, you must carry your rock back to the lab, cut it, mount it on a slide, and polish it. Wouldn’t it be nice if we could see something more than tiny microfossils – perhaps something observable in the field? Good news! The Proterozoic record gives us stromatolites!


Stromatolites are a type of rock that preserves the record of microbial activity. Literally, stromatolite means layered rock, but we reserve this term for layered rocks that were made by the interaction of microorganisms (especially cyanobacteria) with sediment (usually carbonate), to produce a layered structure. Because stromatolites are biologically-influenced sedimentary structures, they can tell us quite a bit about the environment in the past. 
A. Microbial laminites

A microbial laminite is a sedimentary rock, often made of carbonate (in this case, the mineral is dolomite) that is horizontally laminated (or nearly so). Describe this specimen. Consider particularly the ways in which this layered rock is similar to and different from layered rocks you have seen previously. What criteria could you use to distinguish a microbial laminate from other layered rocks?
Layers may be separated by think organic films; layer surfaces may be wrinkled or wiggly; laminae may vary in thickness laterally.
laminations are mm-scale (up to ~3 mm), are somewhat irregular in thickness, 
and sometimes bend
Microbial laminites generally form where there are microbial mats growing and where water energy is low. If waves are present, they will scour out channels, disrupting the laminae, and producing stromatolites with different shapes.

B. Domal and columnar stromatolites

Choose one of the stromatolites in Tray B. Orient the stromatolite right-side up, and sketch it. Your sketch should show the shape and orientation of the layers, as well as the relationship of each stromatolite “dome” to the others in the rock. Examine the example stromatolite and sketch displayed at the front of the room, to see an example. Cite evidence that you have oriented your specimen right-side up.


Example: 












Facing direction may be determined by convexity; truncation; other sedimentary observations.

Since stromatolites are, fundamentally, layered rocks, we can apply principles of superposition and cross-cutting relationships. On your sketch, label the oldest and youngest layers in the stromatolites. 


Using these principles, identify a time surface in the stromatolites. Use a red pencil to trace this time surface in your domal stromatolite. Copy that time surface into the space below:



You have just sketched the shape of the seafloor at the time the microbial community was alive. This lets us say how tall the stromatolite was, at one moment in time. This is called synoptic relief. 
How tall was your stromatolite when it was alive? ________ cm (use the ruler provided). 
How wide was it? _______ cm 

What can synoptic relief and stromatolite width tell us about the environment? Brainstorm with your classmates about these ideas. Write down a few ideas and we’ll have a short class discussion about how we might use stromatolites to interpret aspects of the environment.
Synoptic relief is frequently a proxy for minimum water depth. A high synoptic relief stromatolite must have been in water at least as deep as its relief.
C. Inheritance in domal and columnar stromatolites

Another important characteristic of stromatolites is called inheritance. A stromatolite with high inheritance has domes or columns that stack right on top of one another, giving it strikingly tall appearance. A stromatolite with low inheritance will look more irregular, with each successive generation of stromatolite growing in a different location than the previous one.


Look at the stromatolites in the front of the room, labeled C1, C2, C3. Which one has the highest inheritance? ___C3____ The lowest? __C2_____

What environmental factors might influence inheritance in a stromatolite, and what effect would each of these factors have on the overall form of the stromatolite? Try to come up with two or three ideas. Brainstorm with classmates to expand your list and test your ideas.
Inheritance is one of the most difficult of the stromatolite morphological features to interpret. It seems to indicate some sort of “corporate” memory regarding the previous location of the stromatolite. Our best thinking about inheritance is that it requires a physical or chemical distinction between the stromatolite and the inter-stromatolite area. This could be substrate firmness (e.g., cementation rate; nature of grains) or height of the substrate (the tops of stromatolitic layers are closer to the sun). It is true that high-relief stromatolites tend to also have high inheritance. In addition, low inheritance might also indicate a shifting set of environmental parameters over short time scales.

In the table below, sketch stromatolites with different combinations of synoptic relief and inheritance, and propose an environment that might produce such a form.

	
	Low synoptic relief
	High synoptic relief

	Low inheritance
	Environment:


	Environment:

	High inheritance
	Environment:


	Environment:


D. External sedimentation

In some stromatolites, little external (transported) sediment accumulates between the stromatolites (low sediment supply); in others, the sediment supply keeps pace with stromatolite growth (moderate sediment supply), or even exceeds it (high sediment supply). Examine specimens D1, D2, and D3 and draw conclusions about the rate of sediment supply for each one. Explain your conclusions.
Here, students will see difference between “walled” stromatolites (infilling post-dates growth of stromatolites, so the edge of the stromatolite looks like a “wall”) and “unwalled” (edge of stromatolite and fill interfinger because external sedimentation keeps pace with stromatolite growth).
E. Putting it all together – The Proterozoic sea-floor

The actual shape of microbially-influenced structures on the seafloor depends on a combination of many factors, resulting in differences in synoptic relief, inheritance, and external sediment infill. Sketch an example of a stromatolite that might result under each of the following conditions and explain your reasoning:
1. Very shallow water, moderate water energy, soft substrate, moderate rate of sediment supply.

This is mostly likely to be a microbial laminate or low-relief domal stromatolite.
2. Water deeper than 10 m, rapid cementation, very low rate of sediment supply, low water energy.

This will give a high synoptic relief, high inheritance, walled stromatolite (perhaps even something really spectacular like a high-relief conical stromatolite)
3. Water depth less than 1 m, high water energy, firm substrate, and moderate rate of sediment supply.

This will look like a “normal” sort of stromatolite; columnar or digitate; might branch… The point here is that the student can explain how they reached this conclusion.
Assessment: Gallery walk of stromatolite environments.

Each panel on the wall describes a large scale stromatolite-producing environment (e.g., shallow, clear, high-energy shelf; shallow, muddy, low-energy shelf). Within each environment, sub-environments are delineated (e.g., different water energy levels). In groups of 3, students will move from one panel to another and draw a stromatolite (or set of stromatolites) for one sub-environment. When each group has returned to its original panel, the group will discuss the submissions, make modifications to the panel, if needed, and then turn the panel into a concept sketch, with labels and explanatory details included. 
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