How Glaciation Changes Sediment Dispersal To The Sea and The Record of Past Climate Change in Antarctica
Sandra Passchier, Montclair State University

High-latitude continental margins are spectacular sites to study the effects of climate change on continental shelf and slope sediments because of the prominent effects of glaciation on sediment delivery to the sea. This lesson aims to teach students how glaciation affects sediment supply from the drainage basin (the source) to deposition in the ocean (the sink). We will investigate 1) how climate in the drainage basin affects sediment composition via chemical vs. physical weathering; 2) how rivers transport sediment to the ocean in contrast to glaciers; and 3) how these different sedimentary systems affect the volume, particle size and chemical/mineralogical composition of the sediments supplied. Our aim is to apply these concepts to an interpretation of the sedimentary record in Prydz Bay, Antarctica in the second part of the module.
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Part I Greenhouse to Icehouse transition – changes in continental weathering and sediment dispersal

In the Eocene, the levels of carbon dioxide in the atmosphere began to drop, leading to climate cooling with profound effects on Earth’s environments. Ice-sheet modeling studies show that the development of the Antarctic ice sheet was a response to the reduced greenhouse effect, but the exact threshold level of CO2 for the onset of Antarctic glaciation is not yet established. Current estimates range from 600ppm to 1000ppm. In order to determine Antarctica’s ice-sheet sensitivity to the greenhouse effect, we need to examine the stratigraphy of Antarctica’s continental margin, which carries a record of environmental change and ice-sheet growth on the continent. 

Task 1: Read the following two chapters about the landscape changes associated with the Greenhouse to Icehouse transition in Antarctica:
Francis et al.: https://pubs.usgs.gov/of/2007/1047/kp/kp03/of2007-1047kp03.pdf
Jamieson & Sugden: https://pubs.usgs.gov/of/2007/1047/kp/kp05/of2007-1047kp05.pdf

Question 1: How did Antarctica’s landscapes change across the Greenhouse to Icehouse transition?

Task 2: Examine the (Antarctic) igneous rock samples and the thin sections and determine their mineralogy. List minerals in order of abundance for each of the rock samples. Look up the chemical formula for each of the minerals identified and list the major elements. 
Question 2: Which common minerals will transform under  a chemical weathering regime? Which three major ions do you expect will be lost from the rock through dissolution and solute transport as a result of mineral transformation? Which element, besides Si, is preferentially preserved during the mineral transformation?
Task 3: Examine the sedimentary rock samples and classify them according to textural and compositional maturity. 
Question 3: Which samples do you expect to be more enriched in Ca, Na, and K, and which samples are more enriched in Si, and Al? Using your knowledge of soil weathering, glacial erosion, and sediment transport processes, reason which samples were generated in a glacially sourced drainage basin and which sediments were generated in a fluvially sourced drainage basin.
Prior to the onset of glaciation, the Antarctic continental source areas were characterized with a fluvial drainage network that is still visible in the subglacial topography of today (Jamieson and Sugden, 2008). Glaciation began in the higher elevation areas of the continent and the ice sheet eventually expanded to the continental margin. 
Question 4: Discuss what the effect would be of the onset of glaciation in the hinterland on volumetric sediment supply and sediment composition (textural and compositional maturity). Know that the glaciated south Alaska margin has seen the highest sedimentation rates worldwide since the onset of the latest Northern Hemisphere ice ages ca. 1.2 Myr ago (Gulick et al., 2015).

Part II The record of the onset of Antarctic glaciation in Prydz Bay

Task 4: Read the following chapter about glaciation and sea level at the Greenhouse to Icehouse transition in Antarctica:
Miller et al. (2008): https://pubs.usgs.gov/of/2007/1047/kp/kp06/of2007-1047kp06.pdf

Question 5: When did Antarctica become glaciated according to interpretations of the deep-sea stable isotope and sea level records by Miller et al. (2008)?
Open GeoMapApp and choose the panel with the South Pole view. Locate Prydz Bay south of the Indian Ocean.
a. Under the Data Layers tab, click Remote SensingBy RegionSatellite Imagery AntarcticaMODIS Mosaic Image of Antarctica. The floating Amery Ice Shelf will be visible.
b. Under the Data Layers tab, click GeologySeafloor Photos, Sediments, Stations and LocationsSeafloor Sediment CompositionResults from Ocean Floor Drilling. Determine the position of Holes 739C, 742A and 1166A.
c. Under the Data Layers tab, click GeologySeafloor Photos, Sediments, Stations and LocationsAntarctic Seismic Reflection tracklines (SDLS). In the panel to the right of the map view choose Antarctic SDLS. In the map view, select the trackline through Holes 742A and 739C and click Load View 1. The seismic reflection data loads in the view: several multiples are present. Cooper et al. (1991) processed the seismic data and published the 2D seismic profile interpretation that appears in modified form below in the top profile. The vertical axis is two-way-travel time (TWT) in seconds. Note that only the data above the first multiple is interpreted. The strata actually continue below the first multiple. The bottom profile is a crossline connecting drillholes at Sites 742 and 1166, published by Erohina et al. (2004).
[image: ]
Question 6: Referring to the seismic correlation: which seismic unit is the oldest, and which one represents the youngest strata? How did you determine this (using which of Steno’s principles)? Which drillsite penetrated the oldest strata?

Data from drillcores
Drillcores are recovered as cylinders of rock that are cut lengthwise with a saw to expose flat surfaces. The images on the next page are images of the cut face of core sections. To the left is a lithological log.
Task 5: Using knowledge of Antarctica’s landscapes before and after the onset of glaciation, speculate on the depositional environments represented by the five sedimentary facies depicted on the next page. Take into account the stratal geometry exposed in the seismic profiles.
[image: ]
The different lithofacies exposed in the half core sections were sampled for laboratory analyses. The major element geochemistry of mudrocks, including diamicts, was determined using inductively coupled plasma (ICP) optical emission spectrometry (OES). Sediment samples were first reduced to a melt in a furnace and digested in strong acid to break down the bonds in the minerals. Concentrations of major rock forming elements were measured on the diluted acid solutions. A data table of major element oxides for ODP Site 739 is provided in an Excel sheet.
The chemical index of alteration (CIA) is defined as the following molar ratio of major element oxides:
CIA=Al2O3/( Al2O3+ K2O+ CaO*+ Na2O) x 100
in which CaO* is the amount of CaO attributed to the silicate fraction, and excludes contributions of calcium carbonate. The calcium carbonate percentages of sediments in the drillcores, however, are negligible, so here we assume that CaO=CaO*.
Task 6: In Excel, calculate the molar proportions of the major oxides in the CIA. Use the periodic table to determine molecular weights. Then calculate the CIA for each of the samples. Finally plot the CIA with depth for ODP Site 739. 
Question 7: Explain how you would interpret low CIA numbers vs. high CIA numbers; which numbers refer to compositionally mature mudrocks and which numbers refer to compositionally immature mudrocks? At which depth at Site 739 do you see a major change in the CIA? What does that change indicate about changes in weathering and erosion in the hinterland of Prydz Bay?
Task 7: Compare your CIA plot for Site 739 with the lithological log on the next page. 
Question 8: Are there any correlations between lithofacies designations and changes in CIA values? How would you explain this result?
[image: ]
The microfossils in the Table were discovered within the drillcores. The ages assigned to the first occurrence (FO), first common occurrence (FCO) or last occurence (LO) of the fossils are based on biostratigraphic correlation. The sample ID refers to the core number, section number, and depth in cm within the section.  
Task 8: Examine the slides with examples of microfossils and write down which slide shows nannofossils, which slide palynomorphs and which slide diatoms.
Question 9: Based on the ages of datums in the biostratigraphy table, what is the age in Ma of the change in compositional maturity of mudrocks in Site 739 approximately?  How does that age compare to some other changes in the Earth System reported by Miller et al. (2008) and how are these changes potentially linked? 
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