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Applications of Sr Isotopes

Sr isotopes are widely used in petrology as a dating technique and as a “fingerprint” of different magma source regions within the earth.  In this assignment you will utilize Sr isotopic data for both of these purposes.  In addition, this exercise provides practice in using EXCEL to perform linear regressions and generate “best fit” lines through data. 
Geologic Context.  The data for this problem come from the Tuolumne Intrusive Series, a suite of granitic intrusions that form the spectacular cliffs in Yosemite Park.  Before starting this assignment, read the description of these rocks (section 4.2.6) and look at the map (Fig. 4-32).  You can see from the map that the Tuolumne Series consists of successive pulses of magma that intruded one after another.  There is a progression through time toward more silica-rich compositions (quartz diorite ( granodiorite ( granite), so it has been proposed that these pulses formed from the same parent magma by successively greater degrees of fractional crystallization.  We will test this idea using Sr isotopic data.

What To Do:

1.
You have been given 87Rb/86Sr and 87Sr/86Sr data for mineral separates and whole rock samples from three intrusions: the Half Dome granodiorite (HD), the Cathedral Peak granodiorite (CP), and the Glen Aulun granodiorite (GA).  For each intrusion use EXCEL to plot an isochron diagram (87Rb/86Sr on the x-axis, 87Sr/86Sr on the y-axis).  Make a separate plot for each intrusion; format and label the plot appropriately.  Set the scale for the x-axis from 0 to 2; this will leave off the biotite point but otherwise you won’t be able to distinguish the other data points.

2.
Add a “best-fit” line to each graph.  To do this on a PC, click on the data points on your plot, then right click and choose “Add Trendline”.  Choose a linear trendline.  If you want, under “Options” you have the choice of including the equation and/or R2 value of the line on your plot.  If you are working on a Mac, the procedure is the same except you will find “Add Trendline” under Chart among the menu option at the top of the screen.

3.
To obtain an age from an isochron plot we need to know the slope of the line.  To determine this, go to TOOLS > DATA ANALYSIS > REGRESSION.  Enter the cells that contain the x- and y-axis data for any one of the intrusions and specify the cell where you want the output to go (not on top of other data).  Click “OK” and then look at the results.  You will see values for the slope and the intercept, plus calculated uncertainties for each.  A sample regression output is included in the data spreadsheet.

4.
The intercept is the initial 87Sr/86Sr ratio.  The slope is equal to t, where  is the decay constant (1.4 x 10-11 per year).  Dividing the slope by  will give you the age.

5.
Repeat steps 3 and 4 to calculate the age and initial 87Sr/86Sr ratio for each intrusion.  You should also determine the uncertainty in each of these numbers (based on what is reported in the regression output).

Interpreting the Results:     

6.
Summarize your results in a table that includes the initial ratio and age of each pluton, plus the uncertainties in these values.

7.
From the map (Fig. 4-32) you can tell the relative ages of these three intrusions as indicated by field relations.  The Glen Aulun is part of the “marginal quartz diorite”.  Do the absolute ages you determined by Rb-Sr isochrons agree with the field relations?

8.
Compare the initial 87Sr/86Sr ratios of the three intrusions and their uncertainties.  Can you say with confidence that the initial ratios are different?

9.  Initial ratios greater than 0.706 are generally interpreted to indicate the magma source included continental crust, whereas ratios less than 0.704 indicate a mantle source.  What do the initial ratios suggest about the source(s) of the Tuolumne magmas?  

10.
Based on the ages and initial 87Sr/86Sr ratios of these three intrusions, do you think they all originated from the same parent magma by different amounts of fractional crystallization?  Explain why or why not.

