EARTH AND PLANETARY SCIENCES 

METAMORPHIC PETROLOGY EPSC 445

FINAL EXAMINATION

EXAMINER: Professor. A.E. Williams-Jones.
Date: 24th April, 2007

Time: 14:00 – 17:00


INSTRUCTIONS: Answer Question 1 and two (2) other questions. Question 1 has a weighting of 40 marks, whereas the other questions are weighted equally at 30 marks each.  Illustrate answers with diagrams wherever possible.


Marks

Q1
On a recent trip to Columbia you were excited to discover the rare high pressure ferromagnesian mineral, sapphirine, in two metamorphosed pelitic terranes (A and B) located in the Cordillera Central. In each of the terranes, you sampled three outcrops, which you labeled A1 to A3 and B1 to B3, respectively. Your samples contained the following mineral assemblages:

A1) Andalusite-garnet-biotite-K-feldspar-quartz.

A2) Sillimanite-sapphirine-orthopyroxene-K-feldspar-quartz

A3) Garnet-orthopyroxene-biotite-sapphirine-K-feldspar-quartz

B1) Garnet-sapphirine-biotite-K-feldspar-quartz

B2) Orthopyroxene-sapphirine-biotite-K-feldspar-quartz

B3) Sillimanite-orthopyroxene-K-feldspar-quartz. 


Based on microprobe analyses the stoichiometry of the ferromagnesian minerals is as follows: biotite (KAlMg2FeSi3O10(OH)2); orthopyroxene (MgFeSi2O6); garnet (MgFe2Al2Si3O12); and sapphirine (MgFeAl4Si4O10). 
4
a)
What is the metamorphic facies in each of the two terranes? Explain your answer.

14
b)
Draw a P-T diagram showing the equilibrium boundaries for all reactions that can be deduced from the mineral assemblages in terranes A and B plus any additional reactions that can be deduced using the rules of schreinemakers. Label these reaction boundaries and show their metastable extensions. 
8
c)
The P-T-t path in one of the terranes is clockwise and in the other path is counter-clockwise. Which terrane has the clockwise path and which the counterclockwise path? Explain your answer. Using appropriate sketches (cross-sections), describe plausible geological scenarios which explain the P-T-t paths in the two terranes.
10
d)
Draw geological maps for each terrane showing: 1) relevant rock units; the isograds crossed (label them); 2) the locations of your samples and; 3) arrows indicating the direction of increasing metamorphic grade.
4
e)
Is it reasonable to assume that PH2O was equal to Plithostatic? Explain your answer.
Q2
During fieldwork last summer in the Damara belt of Namibia, you collected a sample in which you observed the following textures under the microscope: a) irregular droplets of kyanite (Al2SiO5), displaying optical continuity with each other, enclosed in a large albite (NaAlSi3O8) crystal, which also contains optically continuous inclusions of quartz; and b) a large ragged crystal of albite embayed by an intergrowth of biotite (KAl(Mg,Fe)3Si3O10(OH)2), sillimanite and quartz.  

15
a)
Write balanced metasomatic reactions to explain these textures and show diagrammatically how they (the reactions) could be related to a third reaction in a closed system at P-T conditions of univariance. What is the univariant reaction?
8
b)
What assumptions did you make, or ideally should you have made in balancing the reactions written in Part a and using them to deduce a univariant reaction? Provide evidence that justifies making these assumptions.

7
c)
Briefly, explain why conditions of differential stress, such as are found during regional metamorphism, help promote metasomatic reactions of the type interpreted above. Describe and explain a texture that provides direct evidence of a relationship between the application of differential stress and metasomatism. 
Q3
Recently, you were fortunate to be invited to participate in an excursion to Barrow’s celebrated field area in the Dalradian of Scotland. While there, you collected a suite of metapelite samples, all containing muscovite and quartz plus three of the following four minerals: garnet, staurolite, biotite (listed in order of increasing Mg content) and sillimanite. The garnet-bearing samples also contained plagioclase. On returning to Montreal you analysed the mineral chemistry of each sample using the electron microprobe.
18
a)
Construct a schematic T-XFe diagram showing the reactions (continuous and discontinuous) represented by the above minerals.

6
b)
Explain how you used your samples to calibrate your T-XFe diagram, i.e., make it quantitative in respect to temperature and composition. 
6
c)
Explain how you might go about preparing a quantitative P-XFe diagram.
Q4
As a keen metamorphic petrologist and someone who is anxious to contribute to solving the problem of global warming, you have taken a position in an experimental laboratory to tackle the problem of CO2 sequestration using ultramafic rocks. In order to be able to make this contribution, you need to understand stability relationships among the minerals: forsterite (Mg2SiO4); talc (Mg3Si4O10(OH)2); lizardite (serpentine)(Mg3Si2O5(OH)5); and magnesite (MgCO3).  

12
a)
Draw a μH2O vs μCO2 diagram showing stability relationships among the minerals listed above. Indicate the slopes of the equilibrium boundaries on your diagram.
10
b)
Use your μH2O vs μCO2 diagram to prepare a schematic T-XCO2 diagram for the same system of minerals.
8
c)
Explain the essential concepts involved in CO2 sequestration by ultramafic rocks. Which of the reactions shown on your T-XCO2 diagram is likely to be the most effective in sequestering CO2? Explain your answer, providing at least two arguments to support your choice. 
