Olivine Thermometry
Overview

In Table 1 is an analysis of a “whole rock” lava composition from the Hawaii Scientific Drilling Project (HSDP). As a ‘whole rock’, the analysis represents the “whole” rock, phenocrysts and all. The rock was ground up and analyzed by X-ray fluorescence (or XRF). In Table 2, six analyses of olivine grains are presented. These grains are from a thin section of the rock in Table 1. The thin section was polished and carbon-coated, then analyzed using an electron microprobe. The ‘e-probe’ is also an XRF method, though in the case of an e-probe, we are able to focus a beam of electrons onto a very small area, i.e., small crystals in a rock.

Table 1.  Whole Rock (Liquid) Composition

	SiO2
	TiO2
	Al2O3
	FeO
	MnO
	MgO
	CaO
	Na2O
	K2O
	Cr2O3

	51.32
	2.084
	13.56
	10.737
	0.168
	7.64
	10.42
	2.08
	0.405
	0.000


Table 2. Olivine Compositions

	Crystal
	SiO2
	TiO2
	Al2O3
	FeO
	MnO
	MgO
	CaO
	Na2O
	K2O
	Cr2O3

	1
	40.34
	0.009
	0.069
	13.09
	0.193
	46.69
	0.213
	0.007
	0.008
	0.03

	2
	38.07
	0.009
	0.045
	23.53
	0.287
	37.77
	0.233
	0.008
	0.008
	0.044

	3
	38.48
	0.022
	0.051
	21.83
	0.259
	39.14
	0.241
	0.003
	0
	0.006

	4
	37.31
	0.036
	0.054
	25.95
	0.289
	35.86
	0.254
	0
	0.002
	0.013

	5
	40.21
	0
	0.048
	13.02
	0.208
	46.28
	0.24
	0
	0
	0.031

	6
	38.87
	0.006
	0.08
	18.67
	0.227
	41.99
	0.248
	0
	0
	0.046


To estimate T of crystallization, we need to know both the olivine composition (Table 2) and an estimate of the liquid from which it crystallized. The whole rock (Table 1) does not really represent a liquid, since it contains phenocrysts – it is more precisely a crystal mush. In the case of the rock above, the crystals are few enough in number that the whole rock comes pretty close to a liquid (lava) composition, so we can ignore this complication in the present case. 

Your Task:

1) Determine whether the olivine analyses are “good”. To do this, calculate the cation fractions for each olivine in Table 2, on the basis of 4 oxygens (see Table 5.6 in Klein and Dutrow, 2007, which shows the calculations for pyroxene – but substitute “4” for “6” in the “Oxygen factor” shown at the base of the table). In your spreadsheet, type a “G” for “good” and “B” for “bad” for each case. If the mineral analyses are good, then the number of cations should approach a particular value. Explain. 

2) Check whether the olivine grains are in equilibrium with their host rock by calculating the value for the Fe-Mg exchange coefficient, KD(Fe-Mg)ol-liq. Use the equation below, where all Xi are cation or mole fractions (it doesn’t make any difference). 
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Experiments show that under most conditions, when olivines equilibrate with silicate liquid, the value for KD(Fe-Mg)ol-liq = 0.30±0.03, regardless of T, and P (at least when P is less than about 10 kbar), and regardless of melt composition. Give two reasons why an olivine, or any other mineral analysis, might not be “good”. If the analyses are “good”, why might the crystals not be in equilibrium with the host rock? In your spreadsheets type “E” for equilibrium and “D” for “Disequilibrium” for each mineral.

3) Estimate the crystallization temperatures for all six minerals in Table 2, using the equation below. All Xi are cation fractions (not mole fractions! Here it does matter – why?); assume that the pressure of equilibration is 1 atmosphere. 
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4) Keeping in mind that the thermometer shown in part 4) is based on experiments where olivine and silicate liquids are equilibrated, how can we use the results in 2) to check which of these T estimates are the most likely to be accurate? What is the best estimate for T for this rock, and what does this T mean?
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