Geochemistry (3): Isotopes
Uranium-Lead dating

I. Fundamental equation
If a nuclide N disintegrates to a daughter D, the speed of disintegration is given by a constant (); i.e.
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 (N0 being the initial amount of nuclide N, at t=0)

1. Write the expression of the half-life  of a nuclide (i.e., the time after which half of it is left).

2. How many of the nuclide is left after 5 half-lives? 10?

3. Establish the equation giving the amount D* of the daughter element formed by the disintegration process.
10 half-lives is regarded as the maximum “range” of an isotopic system.
Assuming a quantity D0 of the daughter element was present in the system at t=0, the total amount of D present at t can be expressed as D = D*+D0.

4. Use this to calculate the quantity D/N at a time t, as a function of D0/N0 and t.

II. U-Pb system

(Now the most commonly used for dating)

Three independent decay reactions (actually chains of reactions), two of which particularly useful:

238U → (…) → 206Pb ( = 1.5512 10-10 yr-1)

235U → (…) → 207Pb ( = 9.8485 10-10 yr-1)

Calculate the half-life of each of the two U isotopes; for which portion of Earth’s history can it be used?
A. Concordia diagrams
Consider a system with no initial Pb (at all), but a significant quantity of U; this is more or less the case of a zircon crystal in an igneous rock (Pb is very incompatible in zircon… or, in other words, KdPb/Zrc << 1 !, but KdU/Zrc> 300). Natural U comprises both 235U and 238U.
In course of time, both 206 and 207Pb will form from disintegration of their respective parents. 

A Concordia diagram is a diagram plotting 206Pb/238U vs. 207Pb/235U.

1. Indicate the (qualitative) evolution of a zircon after its formation on such a diagram

2. Plot quantitatively the evolution of a zircon on a Concordia diagram, over 4,000 million years (4 Ga). Calculates the values every 500 Ma and join the points, smoothing the curve.

B. Concordia and discordia

The curve you’ve just plotted is called the Concordia, because it is the curve along which the two systems give “concordant” results.

Sometimes, analysis plot away from this curve, resulting in the ages generated by the two systems to be (apparently) discordant. We will now try to understand why and how.

Consider a zircon evolving in closed system for 2 Ga, before loosing Pb due to new geological events. Pb is a heavy atom, and as such chemical processes do not fractionate its isotopes –therefore, the same proportion of both 207Pb and 206Pb is lost.

1. Where would it plot, if all the Pb was lost? If only half the Pb was lost?

2. Plot on your diagrams points corresponding to zircons having lost ¼, ½ and ¾ of their Pb.

The system (which has lost some of its Pb) now evolves for another 1 Ga without further disturbance.

3. Using the equation you wrote for I-4, calculate where each of the point from question 3 plots at that time.

The line you’ve been drawing is called the discordia (206/238 and 207/235 ages are apparently giving discordant informations). It intersects the Concordia in two points (“intercepts”), corresponding to the age of the formation of the zircon, and the age of the loss of Pb.

4. Plot the measures from the data table below (for … ) on a Concordia diagram, and interpret it in terms of rocks formation and evolution.

	
	207Pb/235U
	206Pb/238U

	33-3
	12.8
	0.472

	6-2
	16.7
	0.555

	103-4
	22.5
	0.589

	102-1
	35
	0.751

	5-2
	33.3
	0.716


Data from Compston and Krőner (1988).
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