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Learning Objectives:

• Integrate biomagnetostratigraphic data at ODP Site 1262 to complete a Cenozoic age-depth plot.

• Propose a testable explanatory hypothesis for observed differences between Sites 1262 and 1263.

• Generate an explicit age-model to estimate ages of ELMO and PETM hyperthermals at Site 1262.

• Compare biomagnetostratigraphic estimates to astrochronologic estimates.

In this investigation and its cyclostratigraphy counterpart, USSP participants will explore how biostratigraphy, magnetostratigraphy, and orbital cycles are used to ordinate core depths in geologic time. The focus is on material from Ocean Drilling Program (ODP) Leg 208, where cores were drilled along a depth-transect down Walvis Ridge, an aseismic ridge in the southeastern Atlantic off Namibia. You will use three components to complete the exercise: (1) this exercise guidesheet; (2) the excel spreadsheet entitled "ODP208.xls”; and (3) tables summarizing age estimates for various biostratigraphic and magnetostratigraphic events based on the Berggren et al. (1985) time-scale1.

Part I. Determine absolute ages for FAs and LAs of planktonic foraminifera
Here you play the role of a Leg 208 planktonic foraminifer (PF) biostratigrapher. As you come onto your twelve-hour shift, your slacker counterpart from the opposite shift tells you that he/she did not have time to verify and input the age estimates for the PF FAs and LAs identified for the lower section of Site 1262. Examine the current situation in age-depth space by examining the “Age-Depth_Cenozoic” worksheet. Note that the Site 1262 PF data (i.e., dark blue open squares) stop at ~97 meters mean composite depth (mcd). Also note the two horizontal lines that represent the mcd positions of the ELMO and PETM hyperthermals at Site 1262; these are currently “floating” with respect to age – an issue that will be addressed in Part III.

A few minutes into your shift, the more evil of the two co-chiefs stomps into the biostratigraphy lab and demands to know these PF-based absolute age estimates. To avoid swabbing the deck, determine and enter the appropriate age estimates for the yellow-highlighted cells in the “Site_1262” worksheet using Table 8 (Paleocene) and Table 9 (Eocene) from Berggren et al. (1995). Note that age estimates for a few PF FA/LAs (i.e., LA M. aequa, FA M. lensiformis, M. formosa gracilis) have been updated since Berggren et al. (1995). These updated ages are provided in the “Update_B95” worksheet – be sure to use these! As you enter in the ages in Ma for the missing PF FA and LA data, you can watch your age-depth model "grow" in the inset graph to the right and in the "Age-Depth_Cenozoic" worksheet. 

Activities:

• Based on your updated age-depth plot for Site 1262 in the “Age-Depth_Cenozoic” worksheet, compare and contrast the Site 1262 PF FA and LA data (light blue circles) with the established calcareous nannoplankton (CN) FA and LA data (light blue crosses), including the density and distribution of the two data types and their general correlation.

1Although the Berggren et al. (1995) time-scale has been somewhat eclipsed by the newer Gradstein et al. (2004) time-scale (which applies astrochronological approaches to the Neogene and incorporates some biomagnetostratigraphic refinements), Berggren et al. (1995) remains a keystone publication, particularly for its comprehensive treatment of biohorizons and biozones of Paleogene PF.

Part II. Uniquely identify magnetochron reversals and their absolute age:

In the paleomagnetism session, we briefly covered how absolute ages for relative biohorizons have traditionally been calculated by interpolation between adjacent magnetochron reversals within (assumed) complete pelagic sections of (assumed) constant linear sedimentation. In this part of the exercise, you play the role of the Leg 208 shipboard paleomagican, inverting this process to uniquely identify and date the observed magnetochron reversals. 

For each pink-highlighted Site 1262 magnetochron reversal in the “Site_1262” worksheet, determine and enter the magnetochron reversal (e.g., “C33n Termination”) and its absolute age (e.g., 73.619 Ma) using (1) absolute ages from adjacent FAs and LAs of PF and CN; (2) the nature of  magnetochron reversal (i.e., “PM-NormTerm” indicates the termination (top) of a normal magnetochron interval; “PM-NormOnset” indicates the onset (bottom) of a normal magnetochron interval); and (3) absolute age estimates for the onset and termination of normal magnetochrons using Table 2 (Paleogene magnetochron ages) from Berggren et al. (1995).

Activities:

• Compare and contrast the age-depth space of your Site 1262 magnetochron data (light blue boxes) with the PF data (light blue circles) and CN FA and LA data (light blue crosses) from Part I, including the density and distribution of the magnetochron data relative to these biostratigraphic data.

• Qualitatively compare/contrast the age-depth histories of Sites 1262 and 1263 for the Cenozoic using approximate time intervals (e.g. 0-5 Ma) and sedimentation rates (e.g. ~50 meters in ~5 myr = ~1 cm/kyr).

• Propose an explanatory hypothesis for the observed major differences in the age-depth histories of the two sites and a general approach to testing this hypothesis. In developing your hypothesis, appreciate the following: (1) the sites are within ~200 km on Walvis Ridge; (2) Site 1262 was consistently ~2 km deeper than Site 1263 as Walvis Ridge subsided through the Cenozoic; and (3) some of the major paleoclimate events and trends of the Cenozoic.

Part III. Biomagnetostratigraphic constraints on the ELMO and PETM

These hyperthermals represent major perturbations of the earth system, and subsequent sessions will examine them in detail from various perspectives. Here we focus on estimating the absolute age of these events at Site 1262 using the biomagnetostratigraphic framework developed in Parts I and II. Go to the “Age-Depth_ELMO-PETM” worksheet, which focuses on the age-depth space of 50-60 Ma and 90-180 mcd. Note that your efforts in Parts I and II have been automatically incorporated into this worksheet and provide much of the plotted data. The stratigraphic positions of the ELMO onset (~117.62 mcd) and the PETM onset (~140.12 mcd) are plotted as vertical lines along with the depth-age datums for planktonic foraminifera (blue circles), calcareous nannofossils (red crosses), and magnetochron reversals (green squares). Linear-regression-based age-models for these individual data types and their combination (i.e., a “total evidence” approach) are shown next to their legend symbols.

Activities:

• Consider the nature of these linear-regression-based age-models. What do they assume about both the age-depth data and the sedimentary record to which they might be applied?

• Which data appear to provide the most precise (not to be confused with accurate) age-model? Why? What biases might exist in the different data?

• Using your favored linear regression age-model, calculate the absolute age of sediments just before the onset of the ELMO hyperthermal (i.e. 117.62 mcd) in the “Hyperthermal_Calculations” worksheet.

• The recovery horizon from the PETM hyperthermal is positioned at 139.22 mcd. Using your favored linear regression age-model, calculate the absolute age of this recovery horizon in the “Hyperthermal_Calculations" worksheet. 

• Using your above age for the PETM recovery horizon and assuming the duration of the PETM hyperthermal from onset to recovery is 118 kyr (3He-based PETM age-model of Farley and Eltgroth, 2003), determine the age of the onset of the PETM.

• According to your age-model and calculations, how much time separates the onsets of the PETM and ELMO hyperthermals? (Note that this biomagnetostratigraphy-based estimate may be compared to an astrochronology-based estimate in the chronostratigraphy session.)

• Based on the Eocene time scale of Berggren et al. (1995), determine the following information for the ELMO and PETM hyperthermals:
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