Time-series analysis of the Pu‘u ‘Ō‘ō-Kupaianaha eruption (1983-2009), Kīlauea Volcano, Hawai‘i: Mantle processes

Additional exercise on mantle processes
Task:
While this exercise assumes that variations in the mantle source region are responsible for this geochemical evolution, it should be noted that other plausible models exist, in particular shallow magma mixing (Thornber, 2003). The geochemical data for lavas during the Pu‘u ‘Ō‘ō-Kupaianaha eruption have been corrected for different extents of olivine crystallization and are listed in the ‘Puu Oo _corrected XRF data_for additional exercise.xls’ workbook. To correct for olivine fractionation the whole-rock data was normalized to 10 wt.% MgO, because that is the composition of the most mafic Pu‘u ‘Ō‘ō lava (parent magma composition) and it is in equilibrium with the most forsteritic olivines from the eruption. This procedure reduces the scatter in the data related to variations in the extent of olivine fractionation, and allows us to better identify coherent temporal variations. Only samples that have >7.5 wt% MgO were corrected; these are the olivine-only samples. Lower MgO samples are not utilized in this exercise. The normalization was achieved by adding olivine and spinel in small increments to each of the lava compositions (0.02 g of 98.5% olivine and 1.5% Cr-spinel were added to 100 g of liquid in steps until 10 wt % MgO was reached). Normalization allows us to evaluate the geochemical variations related to mantle processes over time. See Garcia et al. (1996) for full description of normalization procedure. This additional exercise focuses on the effect of mantle processes on the evolution of Pu‘u ‘Ō‘ō lavas using olivine-normalized major-element data and trace-element data. 
- Using the data in columns normalized to 10 wt % MgO in the ‘>7.5MgO Pu’u ‘O’o data’ ‘worksheet, make the 3 plots listed below of major-element oxides (normalized to 10 wt% MgO) versus collection date (on the x-axis) and align them vertically. The first and last rows for each phase of the eruption have been color-coded. Distinguish the data from the interval of the eruption from your group’s time period as a distinct data series. HINT: You will have to use a line plot in Microsoft Excel for the date to appear correctly on the x-axis, and then select the data series and format the data series so there is no line showing between data points. The date will show with day, month, and year, and the scale of the x-axis should be from 1/1/1983 to 1/1/2009, with base unit as days. Use appropriate scales on the y-axis. 

-CaO (@10 wt % MgO) vs. collection date

-SiO2 (@10 wt % MgO) vs. collection date

-TiO2 (@10 wt % MgO) vs. collection date
Question:
Describe the temporal variations of CaO, SiO2, and TiO2 during the Pu‘u ‘Ō‘ō-Kupaianaha eruption. Is the geochemical data from your phase of the eruption different or similar to the other phases of the Pu‘u ‘Ō‘ō-Kupaianaha eruption? Explain why these changes are not related to crystal fractionation or magma mixing?  Brainstorming with your group partners, consider what may be happening in the melting region that is responsible for these changes in chemistry?  Make a list and give reasons for each idea.
Task:

Using the trace-element data in the ‘>7.5MgO Pu’u ‘O’o data’ worksheet, make a plot of Nb/Y versus eruption year. You will have to insert a new column in the excel spreadsheet and calculate Nb/Y. Distinguish the data from your interval of the eruption as a distinct data series. 
Questions:
1. Describe the overall Nb/Y variation for the eruption with attention to your segment. 

2. Does the Nb/Y ratio change with crystal fractionation?  Explain your answer.

3. Describe the behavior of Nb relative to Y during the partial melting process. 
Hint: what is the partition coefficient for these elements in mantle minerals?

If unsure, check a geochemistry text or reference book such as Rollinson, H.,  1993, Using Geochemical Data, Longman House, Essex, UK, p. 108, or Best, M., 2003, Igneous and Metamorphic Petrology, Blackwell Publishing, Oxford, UK, p. 41.
4. Can the trend in Nb/Y versus time tell us about changes in the source region of the Hawaiian hotspot over the last two and a half decades? If so, what does it indicate?
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