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Laboratory #3: EARLY LIFE, PRECAMBRIAN FAUNA and CAMBRIAN EXPLOSION.

The earliest evidence of life is a chemical fossil, an anomalously light isotopic ratio of 12C/13C in graphite inclusions plucked from apatite grains recovered from in 3.8 Ga-old metasediments and banded iron formations of Greenland. The ratios of the stable isotopes of carbon are within the range of the isotopic ratios of organic matter produced by photosynthesis or other bacterially-mediated biochemical pathways, and significantly different from the isotopic ratios of carbon typical of abiotic materials.

  An editorial on biomarkers (another name for a chemical fossil) can be read at:

http://www.ngdc.noaa.gov/mgg/sepm/palaios/9910/cobabe.html

A. Microscopic Life


The first “body fossils” are those of unicellular organisms, consisting of isolated cells or filaments strikingly similar to today’s blue-green algae (cyanobacteria). The diameter of individual cells is generally 4-10 micrometers, suggesting that they are prokaryotes.  These delicate microfossils are preserved in “black cherts”, i.e. organic-rich microcrystalline silica.  The oldest ones reported so far are 3.5 Ga-old and the chert is associated with stromatolites. Stromatolites are layered sedimentary rocks particularly common in the Precambrian and become noticeable scarcer as one approaches the base of the Cambrian. Today algal mats still build similar structures in a few locations like Shark Bay, Western Australia (see pictures at http://members.tripod.com/bruno.granier/Gallery/Virlouvet.html).


Stromatolites are found on all continents (except Antarctica). The WW version of this document includes links to several occurrences.

http://www.ngdc.noaa.gov/mgg/sepm/palaios/9810/knollfig6.html,


Are stromatolites examples of body fossils, trace fossils or chemical fossils (1a) ? Some people argue that processes of preservation can give rise to a wide range of microstructures, which might be misinterpreted as evidence of biological evolution http://www.ngdc.noaa.gov/mgg/sepm/palaios/0004/turner.html.

On what grounds was an abiotic origin recently suggested by Grotzinger (1b)? Are stromatolites always built by prokaryotic blue-green algae? Consult: http://www.ngdc.noaa.gov/mgg/sepm/palaios/0010/jones.html


Have a look at: Hoffman, H.J. 1973. Stromatolites: characteristics and utility. Earth Science Review, 9(4): 339-373.


B. Precambrian macrofossils: the Ediacaran (or Vendian) fauna


In 1946 the first Precambrian macrofossils were discovered in the Ediacara Hills of South Australia.  Precambrian rocks had been so far thought to be entirely devoid of life, and that time period was often referred to as the Azoic eon (i.e. “without life”).


Note the nature of the sedimentary rock: is it limestone, shale or sandstone (2a)? Why would the fossils leave only impressions (2b)? Considering the texture of sediment in which impressions were preserved, is it likely that these fossils were soft bodied (2b)? What role could bacterial mats have played in the preservation of Ediacaran organisms: http://www.ngdc.noaa.gov/mgg/sepm/palaios/9902/gehling.html

Even in localities where the sedimentary rock is much finer-grained, the impressions left by many Ediacaran/Vendian fossils suggest surface patterns with deep grooves. What is meant by the “quilted” structure suggested by Seilacher for Ediacaran animals (2c)?


From the drawings of Ediacaran animals, how would you describe the main types of body symmetry (3a) ? What phyla show the strongest similarity to some of the Ediacaran fossils (3b)?


One of the foremost Canadian researchers into Ediacaran fossils is Guy Narbonne, from Queen’s University.  His WWW site is worth visiting if you are interested in finding out more about this intriguing group of organisms.


.

C. The Precambrian-Cambrian boundary

This transition is marked by small shelly fossils that are striking because of their mostly phosphatic composition. They are probably plates (called sclerites) and spines that protected the bodies of various types of animals but were scattered about in the sediment when their owners died.


The best known fossils marking the base of the Cambrian are trilobites, a type of arthropod that are extinct relatives of the horseshoe crab. They were commonly covered from head to tail by a dorsal exoskeleton reinforced with CaCO3, greatly improving the odds of fossilization. What other type of fossil can trilobites leave (4) ?


Olenellids are primitive trilobites and index fossils for the base of the Cambrian. What characteristics are most distinctive in assigning them to a phylum (5) ?


The Cambrian fauna was remarkably diverse. Many of these groups did not survive the Cambrian era but nearly all the major invertebrate phyla are represented.  This fauna is different enough from the marine organisms that will dominate the rest of the Paleozoic that it is collectively known as the “Cambrian fauna”.


What was the main reef building organism in the Cambrian (6a)?  What more familiar organisms does it remind you of (6b)?


Rostroconchs were primitive mollusks (7a). How does their shell differ from that of bivalved mollusks (7b)?


What phyla can you find represented among the Cambrian fossils of the Burgess Shale (8a) .  What feature helps you assign an animal to each phylum (8b)?  Which common Paleozoic invertebrate phylum is missing (8c)?


What is the mode of preservation of the Burgess Shale specimens (9a)? How does this complicate their identification (9b)?


Is there evidence of predation within the Burgess Shale community (10)?


Is there one basic "link" of the food chain that is conspicuously missing from the Burgess Shale fossils (11a) ?  What explanation(s) can you offer for this (11b) ?
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