GEOL 135


Stable Isotope Laboratory Exercise


Fall 2010
Today we will investigate the use of stable oxygen isotopes to trace the reaction of pyrite in acid mine drainage environments.  Pyrite oxidizes via 2 predominant pathways:

FeS2 + 7/2 O2 + H2O ( Fe3+ + 2 SO42- + 2 H+



(reaction 1)
or

FeS2 + 14 Fe3+ + 8 H2O ( 15 Fe3+ + 2 SO42- + 16 H+


(reaction 2)
You may note that the oxygen that goes to sulfate in these two different reactions can come from molecular oxygen OR from the oxygen in water.  These 2 reservoirs of oxygen can be distinguished isotopically if certain things are true.  We will calculate the differences and evaluate their potential importance for conditions at the Ely Mine in central VT.
Task 1:

What is the isotopic difference between oxygen dissolved in water as O2(aq) vs. water present in the water molecule H2O (i.e. what is 18OO2 vs. 18OH2O)?

To determine this we should first determine the isotopic composition of O2 and H2O present at the Ely Mine that may interact with the pyrite.  Oxygen as O2 in air is usually slightly heavier, determined by Seal et al. to be about +3‰ in this area of Vermont.  Using the fractionation factor associated with water condensation (=1.0092), determine the oxygen isotopic composition of H2O that would fall in F was 0.25 in the winter and 0.75 in the summer using the Raleigh equation for water (18Op) and cloud moisture (18Oa) from an original cloud value of -12.
18Op=18Oa0+1000)(F-1)-1000     and    18Oa=18Oa0+1000)(F-1)-1000  
Plot these curves with F as the x-axis and separate curves for water (18Op) and cloud moisture (18Oa).  This is a ‘classic’ picture of how isotopic values change with depletion of a single reservoir.
However, the water that interacts with the pyrite is largely groundwater (as you calculated previously) and has been measured to more constant at about -10‰±1‰.  Discuss how this could be.
Task 2:

Determine the value of sulfate oxygen (18OSO4) derived from FeS2 reaction with H2O or O2.
To do this we need to investigate the fractionation factors associated with H2O or O2 as sources of O for SO42-.  
18OO2-SO4 for reaction 1 is estimated at -8‰, 18OH2O-SO4 for reaction 2 is estimated at +4‰.

Determine the 18OSO4 value for sulfate derived from equation 1 and for equation 2.  For equation 2 determine this as a function of both the groundwater value (-10‰) and for the range of values determined to represent the 18Op for precipitation across the season.   Plot these on a graph with 18OH2O as the x-axis and 18OSO4 as the y-axis.
Next, plot the following data points collected from waters at the Ely Mine (after Seal et al., 2003) on that graph (put each group in as a new series with different symbols/color)
	sample
	18OH2O
	18OSO4

	Stream 1
	-11
	0.3

	Stream 2
	-10.5
	-0.1

	Stream 3
	-9
	0.7

	Groundwater 1
	-10.5
	-4.2

	Groundwater 1
	-11
	-4.5

	Groundwater 1
	-9.5
	-3.5

	Groundwater 1
	-10.8
	-4

	Anoxic Spring 1
	-10.8
	-8

	Anoxic Spring 2
	-10
	-7.5

	Anoxic Spring 3
	-10.2
	-7


If the total sulfate 18OSO4 is a combination of these, 18OSO4 = F1(18OO2-SO4) + F2(18OH2O-SO4) – now plot theoretical lines on the same diagram that depicts different mixtures of reaction 1 and reaction 2 (where F is the fraction of each, between 0 and 1)
Report:  Discuss the isotope effects associated with precipitation and observed groundwater values as the source of water and oxygen available to oxidize pyrite, and discuss the results of the calculated isotope values for the 2 reactions and how the data reflects these mechanisms.
