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DESCRIPTION OF EXERCISE

►Students are sent an Excel file containing the depths of various types of datums from DSDP and ODP cores: biostratigraphic, oxygen isotope, and paleomagnetic datums. 

►Students are asked to plot datums from different cores (and settings) and evaluate the stratigraphic completeness of the cores based on the behavior of the datums.  

►After plotting the datums, they are asked a number of questions about stratigraphic completeness, reliability of datums, etc.    

OBJECTIVES/GOALS
The objective of this exercise is to acquaint students with a simple graphic method that can be used to: 

►1) determine changes in sediment accumulation rate, 
►2) evaluate the completeness of different sections and environments, and 
►3) infer the reliability of various types of datums when correlating sections.

By the end of the lab, students should understand how to:

►make a simple plot of two different sections 
►infer what the plot tells one about changes in sediment accumulation rate and missing section (e.g., unconformities, condensed sections, and smaller-scale changes in accumulation rate) and the suitability of sections for correlation or paleoenvironmental/paleobiological interpretation (e.g., phylogeny, speciation)
►infer which datums in a particular section are most reliable for correlation
►understand how non-traditional datums can be used to provide greater temporal (time) resolution between standard biostratigraphic datums.

CONTEXT
Level: This exercise has been used in a junior level paleo course, junior level strat course, and grad level strat course.

Skills/concepts required: Basic stratigraphic concepts and principles, understanding of oxygen isotopes.

Position in course: Varies, but must be situated somewhere later in the course after students have beomce familiar with lithocorrelation and biostratigraphy.

HIGHER ORDER THINKING SKILLS

Critical evaluation of the continuity of stratigraphic sections and the reliability of various types of straigraphic datums in relation to stratigraphic completeness.
EVALUATION

Assignments (plots, written answers) are collected and examined in relation to plots produced by the instructor.  The exercise is based on actual research conducted by the instructor and published in peer-reviewed journals.
BACKGROUND

With the advent of planktonic microfossil zonations in the 1950s and 1960s, the use of xe "First and Last Appearance Datums"First and Last Appearance Datums (FADs and LADs) of certain marker species became commonplace.  Planktonic xe "Foraminifera"foraminifera have served as the basis for subdivision of Cenozoic rocks into a series of numbered zones for the Paleogene (Paleocene through Oligocene) and Neogene or Miocene to Recent; a similar xe "Zonation"zonation has been erected using xe "Calcareous nannoplankton"calcareous nannoplankton.  Cenozoic sediments are prominent not only on land, but also in the deep sea, and it has been the Deep Sea Drilling Program (DSDP), the succeeding   Ocean Drilling Program (ODP), and its successor, the International Ocean Drilling Program (IODP) xe "Petroleum companies"that have driven subsequent refinements of these zonations.  Because of the need for more and more precise xe "Correlation"correlation, other types of markers, such as xe "Magnetic reversals"magnetic reversals (which are synchronous worldwide and so provide "anchor points" if they can be dated), xe "Oxygen isotope datums"oxygen isotope datums (which reflect changes in ice volume during the Plio-Pleistocene), and most recently xe "Strontium isotope datums"strontium isotope datums, have been integrated into the biotratigraphic schemes to produce a highly calibrated chrono (“time”) stratigraphic framework for the Cenozoic.  This scale is constantly being refined and recalibrated based on new results from ODP cruises and work on outcrops.  

But xe "FADs and LADs"FADs and LADs can be diachronous.  If FADs and LADS are in doubt, they are usually denoted as xe "Lowest and Highest Occurrences"Lowest and Highest Occurrences (LOs and HOs, respectively).  The first or last appearance of a marker in one ocean basin or biogeographic province is not necessarily the same in another.  Hence, the need for calibration using independently-derived datums from other methods such as xe "Paleomagnetic reversals"paleomagnetic reversalsxe "Oxygen isotope stages".  But paleomagnetic and isotope datums repeat themselves through time, just like rocks do (although each isotope stage in the last half of the Pleistocene tends to have a particular appearance that sets it apart from others.  It is for this reason that biostratigraphic datums must be integrated with other types of datums to develop an accurate time scale.  The refined scale, then, is dependent on both biostratigraphic and non-biostratigraphic datums, not one or the other.

WHAT DOES GRAPHIC CORRELATION DO?
Point-by-point comparisons of datums between multiple sections is quite tedious.  Graphic correlation has existed for ~30 years, but it has not been until the 1990s, with advent of increasingly faster computers and software.  Graphic correlation can be used to test the synchroneity of traditional (biostratigraphic) and non-traditional (oxygen isotope stage, paleomagnetic, xe "Well-log"well-log, xe "Microtektite"microtektite and xe "Volcanic ash"volcanic ash layers, xe "Ecostratigraphic markers"ecostratigraphic markers) and to detect missing or expanded section.    


The method incorporates sections (cores, wells, outcrops, or any combination) into a xe "Composite section"composite section, against which individual sections are later replottedxe "Shaw plots".  Datums which plot on or close to a xe "Line of Correlation (LOC),"Line of Correlation (LOC), which is normally fitted based on investigator experience, are considered coeval (synchronous).  Any thickness of section may be used as long as there are suitable stratigraphic markers shared between the sections being compared.  


The LOC indicates changes in sediment accumulation rate.  An LOC which is at approximately a 45( angle from either the vertical or horizontal indicates that the sediment accumulation rates of the two cores (wells, etc.) are equal (Figure 1).  Normally, however, the LOC consists of a series of segments ("doglegs"), the angles of which differ from 45(, indicating that the two sections differ in their respective accumulation rates.  For example, in Figure 1, high angle (from the horizontal) LOC segments indicate that the accumulation rate of the section plotted on the vertical (y) axis is higher than that of the section plotted on the horizontal (x) axis.  Conversely, low angle (from the horizontal, in this case) line segments indicate that the net sedimentation rate of the section plotted on the x-axis is higher than that of the section plotted on the y-axis.
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Using this technique, anomalous (e.g., xe "Reworked"reworked, eroded) stratigraphic markers and stratigraphic gaps not readily apparent from biostratigraphic zonations can be detected.  Sudden changes in slope of the LOC may indicate xe "Unconformities"unconformities such as xe "Sequence boundaries"sequence boundaries, especially if they coincide with truncated ranges of stratigraphic markers.  Stratigraphic markers that lie well off (above or below) the LOC are suspect because they may be xe "Reworked"reworked by erosion (or possibly xe "Bioturbation"bioturbation if the scale of interest is fine enough) or may represent truncated ranges or shifting environments (facies).  
MATERIALS FOR THIS EXERCISE
For the sake of simplicity, we will demonstrate the utility of this technique by plotting two sections from an Excel file.  The plots themselves can be made in Excel, or using graphic correlation software, or if necessary, by hand.  Relevant background information and procedure in normal graphic correlation is given in the Appendix at the end of this exercise.  

The data for four cores are given in the Excel file.  The locations and depositional environments of each of the cores is as follows (Figure 2):

1) DSDP Core 502B—Colombia Basin (Caribbean Sea); water depth ~3000 m

2) ODP Core 625B—northeast Gulf of Mexico, south flank of DeSoto Canyon; water depth ~889 m (upper continental slope)
3) Core Vema V16-205—North Atlantic

4) Core Eureka E67-135—northeast Gulf of Mexico, northwest flank of DeSoto Canyon;  water depth 789 m
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The data for each core is of four different types (each type of data is not always available for each core): 

1) Standard biostratigraphic datums; 
2) Paleomagnetic reversals; 

3) Oxygen isotope datums; 
4) Ecostratigraphic datums.  
The ecostratigraphic datums were derived using the abundances of two planktonic foraminifera: Globorotalia menardii and Globorotalia inflate.  These species indicate the presence of warm and cool water, respectively (Figure 3A,B, see next page

This approach was originally used by Ericson and Wollin, but was abandoned in favor of the oxygen isotope curve, as described in lecture.  However, the Ericson and Wollin approach can still be used to provide greater temporal resolution between other datums (Figure 3A,B).  Changes in the abundances of these species may correlate with changes in ice volume, which in turn may correlate with sea-level change and sequence boundaries, as discussed in lecture. 

PROCEDURE

Plot the datums for cores 502B and 625B (Figure 3A,B) against each other as a simple x-y plot (see also Appendix at end of exercise; this exercise is actually a simplified version of graphic correlation as it is normally conducted).  For the sake of comparison, plot 502B on the y-axis and 625B on the x-axis.  Show depths for each core as decreasing from the origin of the plot toward the top of the y-axis and the right-hand end of the x-axis.  Use the symbols for the different types of datums when making the plot.

QUESTIONS
1) Based on your plot, which core is most likely to be the most complete?  Explain.

2) Does your answer to question 1 make sense in light of the depositional environments of the two cores?  Why or why not? 

3) Would traditional biostratigraphic datums would you NOT trust?  Explain.

4) Would the oxygen isotope data alone have been sufficient to infer any condensed sections or unconformities in these sections?  Explain.

5) Which type of datums are indicating missing section?

6) The total section examined in this exercise spans ~1.8 million years.  

►What is the approximate (“ballpark”) temporal resolution of the biostratigraphic datums?  
►What is the approximate ballpark temporal resolution of the oxygen isotope and ecostratigraphic datums? 

7) The temporal resolution of the oxygen isotope and ecostratitgraphic datums is roughly the same.  Why? (Hint: What are the two types of datums responding to?)
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Figure 3A.  Datums for Core 625B.
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Figure 3B. Datums for Core 502B.
APPENDIX

STANDARD PROCEDURE IN GRAPHIC CORRELATION

Graphic correlation is initiated by choosing one section as the xe "Standard Reference Section (SRS)"Standard Reference Section (SRS).  Normally, this is done by making preliminary plots of sections against each other, which are then evaluated based on investigator experience for continuity and length of section, and stratigraphic resolution (number and spacing of stratigraphic markers).  

Once the SRS has been chosen, other sections are then plotted against the SRS to construct a xe "Composite section"composite section via the process of xe "Range extension"range extension.  Range extension maximizes the stratigraphic range of markers.  The composite section thus assimilates datums from all sections and displays their maximum stratigraphic ranges in a single, hypothetical, stratigraphic column.  It is like taking all the individual sections of a fence diagram and combining them into a single stratigraphic column.  The composite is normally subdivided into equal increments called xe "Composite Standard Units"Composite Standard Units that are equivalent to time-stratigraphic units (rocks bounded above and below by time).  

Range extension is repeated for each section because the first and subsequent sections were not originally plotted against a composite based on all sections.  Once completed, the sections are replotted until all datums have stabilized in position (usually after 3-4 rounds of range extension). 

xe "Graphic correlation has also been used for more practical purp"






Figure 2.  Core locations.











Figure 1. Hypothetical graphic correlation plots. Changes in sediment accumulation rate are reflected by changes in slope of the Line of Correlation.  The Line of Correlation is normally fitted based on investigator experience using different stratigraphic datums. 
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