GEOL 4047




Name_______________________
Homework 9. 
Radiogenic isotope geology
Due May 1 at beginning of class
PART I

Use Excel to create a U-Pb concordia diagram. To do so, you will need to solve the following equations for isotopic ratios by substituting in values for time (t) in years:

206Pb/238U = eλt – 1, and

207Pb/235U = eλt – 1, where

λ = decay constant for 238U and 235U
To create a useful concordia curve, I usually ask my students to plot two populations of ‘forced’ isotope ratios, obtained from solving the above equations: 
(a) One set with values every 500 Myr, from 4500 Myr to 0 Myr. Assign a larger symbol for each point than in (b), and do not connect these data points with a line.
(b) One set with points every 100 Myr, from 4500 Myr to 0 Myr. Assign a smaller symbol size to the points, and connect these points with a line (this will be your actual concordia curve). 
All the above plotting is to produce a clear, ‘empty’ concordia diagram with time intervals that are easily discernable. All the axes need to be correctly labeled.

PART II: Plotting a synthetic U-Pb data set

Example 1: 
Analysis of Early Archean detrital zircons (e.g. from Australia, Wyoming, or China)
You have used an analytical device (introduce SIMS, TIMS, ICPMS methods) and analyzed a population of detrital zircons from Archean sediments. The zircons are complicated, and show distinct core-rim relationships. This means that it is possible that the cores may be a different (older) age than the rims. You analyzed each crystal in situ for the U-Pb age of the core (A) and the rim (B). 
Example 2: Analysis of Early Archean igneous rocks (e.g. Acasta, Greenland)

(Note: this is a different scenario that utilizes the same synthetic U-Pb data set): 

You have used the same analytical devices and in experiment 1, and analyzed a population of zircons from an ancient Archean gneiss sample. Just as in example 1, the zircons are complicated, and show distinct core-rim relationships. This means that it is possible that the cores may be a different (older) age than the rims. You analyzed each crystal for the age of the core (A) and the rim (B).

Plot the two different synthetic data sets (A and B) of U-Pb ages on your concordia plot and assign a different symbol for each set. Use Excel to assign a 5% error to the 207Pb/235U ratios, and a 3% error to the 206Pb/238U ratios (or choose other errors you feel are more useful/meaningful). Assign appropriate error bars to all data on the concordia diagram.

General questions:
(1) Why does the concordia curve have an asymmetric curvature?

(2) How many half lives of each U isotope have passed since Earth formed?

(3) Why is there are larger error for the 207Pb/235U ratio than for the 206Pb/238U ratio?

Questions that can be tailored for each of the above examples:

(1) What U-Pb age does population A (the cores) define?

(2) What U-Pb age does population B (the rims) define?

Note: to answer the above questions, you will have to regress a line through the data points to see where they intersect the concordia.
(3) Why do some of the data points fall on the concordia curve, but others do not? What can you say about the data from this observation?

(4) What kinds of tectonic/petrogenetic/magmatic/sedimentary processes can you infer must have been active on the Early Earth from the above data sets? Are these processes similar to or different than ‘younger’ processes?
Turn in:

(1) A printed concordia curve, complete with the data sets plotted correctly using different symbols, and error bars, etc.

(2) Detailed answers to the above questions. 

