​ESS C109/C209 Isotope Geochemistry HW3

Due May 2, 2007

Part 1: Isochrons.

1. We have now reached a point where it’s possible to use what you have learned to try to solve some important geological problems, by dating important events in the geological record. One such event is the formation, emplacement, and uplift of the granitic rocks of the Sierra Nevada mountains in central California. Various dating techniques have shown that the rocks exposed at the surface mostly crystallized between 160 Myr and 80 Myr ago. It is not clear what types of rocks melted to form these granites. It has been proposed that olivine-rich peridotite rocks from the Earth’s mantle or basaltic partial melts of the mantle were a major part of what melted to form the Sierran granites, as is typical at subduction zone volcanic arcs today. If that is true then there is a mass-balance problem: since the granitic rocks in the Sierra Nevadas are much more Si-, K- and Na-rich, and Mg-poor than the Earth’s mantle, either 1) there must have been a large amount of residue – i.e. Si-poor, Mg-rich crystals like olivine, pyroxene and garnet that were left behind when the melting event took place, or 2) there must have been a large amount of Si-poor crystals that crystallized out of the melt and were left behind before it finally rose up into the upper crust and froze. As a graduate student Mihai Ducea set out to tackle this problem by looking at “xenoliths”, chunks of rock brought up to the Earth’s surface during volcanic eruptions. A large number of Si-poor and Mg-rich xenoliths from depths of 50-120km were brought up to the surface of central and eastern California over the last 15 million years by small basaltic eruptions (basalt probably forms directly by partial melting of the mantle, and is much more Si-poor and Mg-rich than the Sierra Nevada granites). Mihai constructed isochrons for these xenoliths to see if he could tie them to the Sierra Nevada granites at the surface. Table 2 on the next page shows some of his data:
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a. Plot an isochron for sample BC218 using the cpx (clinopyroxene ≈ CaMgSi2O6), gar (garnet ≈ (Ca,Mg,Fe)3Al2Si3O12), and WR (whole-rock) 147Sm/144Nd (x-axis) and 143Nd/144Nd (y-axis) data. Fit a line through the data, and determine the slope and y-intercept. You may want to use a program like Excel or a graphic calculator to help make the plots and do line fitting.

b. What is the initial 143Nd/144Nd of this sample?

c. What is the isochron age of this sample?

d. Construct isochrons for two other samples. Determine their isochron ages.

e. Do you think these xenoliths are related to the Sierra Nevada granites? Why?

f. (Extra Credit) Xenoliths erupted more recently in the same area tend to give isochron ages that are much younger, even though they came from roughly the same depth in the Earth. Can you think of a hypothesis to explain this?

2. Decay constants of isochron parents isotopes can be difficult to determine with accurately. Partly this is because of the long lifetime of typical isochron parents, which make direct counting of decay reactions a demanding laboratory undertaking. This is especially true for the long-lived beta-decay and electron-capture reactions, which tend to emit low-energy particles and photons that either don’t travel very far or are difficult to detect. The 176Lu ( 176Hf decay constant, in particular has been the subject of considerable debate, with published values spanning a ~5% range. A different way to measure the decay constant is to construct an isochron for a carefully chosen set of samples of known age (usually dated by U-Pb or 40Ar*/39Ar measurements). Yuri Amelin played this trick with the meteorite Acapulco, which has an U/Pb age of 4556.5 ± 1.3 My (the error does not count uncertainty in the uranium decay constants). Table S1 shows some Lu/Hf measurements from phosphate minerals in Acapulco:
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a. Using a program like Excel, or a graphing calculator, plot an isochron for these data (176Lu/177Hf on the x-axis, 176Hf/177Hf on the y-axis), and determine the slope of a best-fit line.

b. What was the initial 176Hf/177Hf of this meteorite?

c. Using your best-fit slope, and assuming t=4556.5 Myr,solve for .

d. How does this decay constant compare with the recommended value, based on direct counting of decay in the lab, of 1.86±0.01x10–11/year?

e. How does your result compare with the value determined from a different meteorite class, 1.94±0.07x10–11/year?

f. What is the half-life of 176Lu, according to your fit?

