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Paleoecology and Biostratigraphy Lab Exercise

Ann E Holmes, UT Chattanooga Geology
A prominent member on the International Commission on Stratigraphy has asked you to evaluate the initial premise that the Silurian strata of Wales is a good place to evaluate the completeness of the Llandovery stage record before they declare this a GSSP (Global Boundary Stratotype Sections and Points) locality.  You’ve decided to use published data (Ziegler et al., 1968) to determine which section would be the most complete locality and meet the requirements of a GSSP (see Appendix).  To do this, you will make a stratigraphic cross-section across northern Wales, incorporating fossil data to construct time lines and facies, carefully noting potential areas of missing section.  Questions are asked in the assignment below to guide your thinking and actions.  

DUE DATE:  

Exercise based on data from  

Ziegler, A.M., Cocks, L.R.M., and McKerrow, W.S., 1968, The Llandovery Transgression of the Welsh Borderland, Palaeontology, vol. 11, part 5, pp. 736-782.  

Miall, A.D., 1984, Principles of Sedimentary Basin Analysis.  Springer-Verlag New York, 490p.  

Harland, W.B., Armstrong, R.L., Cox, A.V., Craig, L.E., Smith, A.G., and Smith, D.G., 1990, A Geologic Time Scale 1989, Cambridge University Press, 263p.

RESOURCES

materials

· 2 joined (long-axis) pieces of 11x17 paper on which to tape the sections & tape

· colored pencils (e.g., orange, yellow, light green, blue, purple)

data

· Figure 1 Location map of Ziegler’s northern section for distributing the #1-#9 measured section/borehole data.

· Figure 2 Biostrat Data.  Table of graptolite biostratigraphic zonation and brachiopod lineage ranges (table is updated/annotated with Harland et al.’s 1990 Time Scale dates for the Llandovery stage)

· Figure 3 Time-Stratigraphy Chart.

· Stratigraphic Section Data.   Measured sections/boreholes #1-#9 to be cut out.  

OVERVIEW

Excerpted Ziegler et al. Abstract:  

“The study of the evolution of several brachiopod genera has enabled the early Silurian shelf sequences of the Welsh borderland to be correlated with the type area in Llandovery, and to some extent, with the graptolite zonal sequence. [missing details about Wales and England]

Fossil communities indicate the relative depths in which the Llandovery sediments were deposited.  With the advance of the sea, most sequences show a progressive increase of depth with time, although minor reversals are known.  The many gaps in the local sequences are probably due to submarine erosion or non-deposition, rather than uplift and subaerial erosion, because they are characteristically followed by progressively deeper-water communities.  The community distribution indicates that a continual gradient was maintained from the coast to shelf margin, once the topographic relief of the original surface had been filled in.“

After reading the abstract, determine these initial conditions:

Question 1.  What is the nature of the underlying contact?

Question 2.  Which of the fossil communities are likely to be water-depth indicators – brachiopods or graptolites?  Why?  For what might be the other fossil group be useful? 
Answer these questions before proceeding. 
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Figure 2 The corrclation of brachiopod lincages and graptalite z0nes with he standard
quence a Liandovery. The asterisks against some brachiopods dicate that they have

e found at Liandovery, the te-arrrows indicate graptolite inds at Llandovery.
from Zicgler et al., 1968





OBJECTIVE

The purpose of this exercise is to illuminate the biostratigraphic and/or paleoecologic potential of two fossil taxa by constructing a cross-section, correlating timelines and facies/water depths among nine localities.  Time-stratigraphic significance is considered.  This exercise builds on basic sedimentologic and stratigraphic concepts such as lithologic records of sea-level rise, etc.   

In this exercise, use grain size as a proxy for water depth, brachiopod communities as indicators of water depth/environment of deposition, graptolites for biostratigraphic time, and all fauna for environment of deposition.  Use these data to build a basin-to-shore cross-section.  Be aware of the erosional unconformities.  

Distribution of Animal Communities

Five main benthic animal paleocommunities have been defined from Llandovery stage of the Silurian.  Each community is characterized by a particular faunal assemblage, consisting chiefly of brachiopods, and each has been named after a prominent brachiopod genus in the assemblage.  All of these brachiopods are epifaunal, attached bottom dwellers except for Lingula, which is burrowing.  Lingula is interpreted as dwelling in the shallowest (intertidal) and Clorida, the deepest water (outer margin) environments.  

Graptolite biostratigraphic zones are indicated as A, B and C1-6 divisions of the Llandovery stage of the Silurian.  

Use these colors to indicate community water-depth conditions:

Lingula community (orange)

Eocoelia community (yellow)

Pentamerus community (light green)

Stricklandia community (blue)

Clorinda community (purple).  

After you construct your panel diagram and make your final correlations, lightly color in around the letters representing the brachiopod communities, considering lithology in your decision of how much stratigraphic (vertical) space to color. 

Question 3.  Using the Graptolite Zonation and Brachiopod Lineage Table, determine the resolution of both the graptolite and brachiopod genera lineages. Do the brachiopods exhibit the same resolution as the graptolites?

Question 4. What is the nature of the time span of the brachiopod communities? Do brachiopods exhibit any biostratigraphic potential? Is there a facies control on brachiopod communities?  
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PROCEDURES

1.  Cut out each of the nine measured sections, keeping the legend/explanation.  Arrange on 2 joined sheets of 11x17 blank paper, incorporating relative distances (see the location map).  Use the time element (A, B, C1-C6) to create a vertical time-stack (e.g., C6 is near the top of the page, A is near the bottom).  Shift the columns vertically to make the best possible lateral (time) correlation.  Keep in mind that sedimentation rates may have been low in some places, and therefore some of your stratigraphic sections may be condensed.  My advice – split the difference.  Label cross-section as W-E.  Cut out and include the legend in unused space on your cross-section and/or annotate your existing legend.

2.  Lightly tape them down; you may need to peel them up for corrections. Take into account the nature of the upper and lower contacts, when appropriate.  In fact, it would be best to correlate those surfaces first. Use the standard unconformity symbol (wiggly line, see legend), highlighting them with a red pencil once you’re confident.  

3.  Correlate the graptolite biostratigraphic zones (A, B, C1-C6) among the sections in a logical manner.  (They should truncate in a logical manner, too.) 

4.  Color lightly with colors representing brachiopod-community water depths/lithology only around each column, extending to whole section only after you’ve thought through your interpretation.  

5.  Draw/Sketch a viable structural interpretation of the strata below the Llandovery base onto the cross-section.  

6.  Plot your graptolite-age data (A, B, etc.) for each location (1-9) in the columns on Figure 3. Broader intervals should be centered within the time-span.  Shade the time-slots that are not represented in each column (1-9).   These intervals are assumed to be some type of hiatus (either due to erosion or nondeposition).  Connect the tops and bottoms of these intervals with an unconformity symbol.   Explain in a paragraph or two how the stratigraphy is represented on your time-stratigraphic chart.  (also:  How does this representation differ from the lithostratigraphic representation?)  

7.  Write a summary that includes 1) an overview of what you’ve created, 2) the paleogeography and geology of the area, 3) answers to questions you’ve answered (not as Q&A, but as text in the summary), 4) how paleotopography might affect/control brachiopod-community distribution, 5) are the brachiopod communities, in fact, facies-controlled, and 6) what you think it all means.  Lastly, address the concerns of the International Commission on Stratigraphy member concerning the appropriateness of any of your 9 Welsh localities as a GSSP.  
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APPENDIX GSSP.  

(from Wikipedia http://en.wikipedia.org/wiki/Global_Boundary_Stratotype_Section_and_Point)
A Global Boundary Stratotype Section and Point, abbreviated GSSP, is an internationally agreed upon stratigraphic section which serves as the reference section for a particular boundary on the geologic time scale. The effort to define GSSPs is conducted by the International Commission on Stratigraphy, a part of the International Union of Geological Sciences. Most, but not all, GSSPs are based on paleontological changes. Hence GSSPs are usually described in terms of transitions between different faunal stages, though far more faunal stages have been described than GSSPs. The GSSP definition effort commenced in 1977. As of 2004, 45 of the 96 GSSPs required have been approved.

An ideal GSSP would

· be accessible to research

· be extensive enough to ensure future access

· be easily related to other exposures worldwide

· contain a radiometrically datable bed at the boundary, and

· include well defined markers at the stage boundary that can be applied worldwide.

No GSSP is ideal.

