EARTH AND PLANETARY SCIENCES 

METAMORPHIC PETROLOGY EPSC 445

FINAL EXAMINATION

EXAMINER: Professor. A.E. Williams-Jones.
Date: 15th April, 2005


Time: 14:00 – 17:00


INSTRUCTIONS:  Answer Question 1 and two (2) other questions.  Question 1 has a weighting of 50 marks, whereas the other questions are weighted equally at 25 marks each.  Illustrate answers with diagrams wherever possible.


Marks

Q1
Imagine that you have had the privilege of competing in the prestigious Pelite Paradise Schreinemarkers Challenge.  The competition is based on two 10-km long south-to north traverses (A and B).  Both start at the same latitude but Traverse A is 2 km east of traverse B.  On each traverse you collect three samples of metapelite at outcrops located at 0 km, 5 km and 10 km, which you number, in order of increasing distance north, A1 to A3 and B1 to B3.  Your samples contain the following mineral assemblages.


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

A2) Garnet-sillimanite-cordierite-K-feldspar-quartz

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

B1) Biotite-cordierite-sillimanite-K-feldspar-quartz

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

B3) Biotite-orthopyroxene-garnet-sillimanite-K-feldspar-quartz. 


Between the two traverses there is a major north-south trending fault.  Microprobe analyses revealed that cordierite is the most magnesian ferro-magnesian mineral followed by biotite, orthopyroxene, and garnet.  Orthopyroxene and biotite both lie on the F-M boundary of an AFM diagram.

4
a)
What is the metamorphic facies of the samples collected on the two traverses?  Explain your answer.

6
b)
How many degrees of freedom are represented by all the minerals encountered on traverses A and B, excluding andalusite?  Explain your answer.

20
c)
Draw a P-T diagram showing the equilibrium boundaries for all reactions that can be deduced from the mineral assemblages on Traverses 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.

15
d)
Draw a geological map showing the four (4) isograds crossed on traverse A and the two isograds crossed on traverse B.  Show the locations of your samples on this map.

5
e)
Which is the upthrow side of the fault.  Explain your answer using the P-T diagram prepared in Part c.

Q2
During some recent fieldwork in the Whetstone Lake area, Ontario you collected a sample on the kyanite-sillimanite isograd in which you observed the following textures under the microscope: a) irregular droplets of kyanite (Al2SiO5), displaying optical continuity with each other, enclosed by a large muscovite (KAl3Si3O10(OH)2) crystal, which also contains relict grains of quartz; and b) biotite (KAlMg2FeSi3O10(OH)2) crystals embayed by albite (NaAlSi3O8).  

25
Write balanced metasomatic reactions to explain these textures and show diagrammatically how you would combine these reactions with a third metasomatic reaction to form a closed system corresponding to the net univariant reaction: Kyanite = Sillimanite. 

Q3
On a recent visit to Scotland, you followed in Barrow’s footsteps mapping two isograds, one based on a discontinuous reaction and the other on the first appearance (with increasing metamorphic grade) of an index mineral related to a continuous reaction.  The latter is the first isograd crossed.  All your samples contained muscovite and quartz plus three of the following four minerals: garnet, staurolite, biotite and chlorite (listed in order of increasing Mg content); chlorite contains more Al than garnet but less Al than staurolite.  

18
a)
Construct a T-XFe diagram showing the reactions (continuous and discontinuous) represented by the above minerals.

7
b)
What was the index mineral, what was the corresponding continuous reaction and how did the Fe/Mg ratio of the index mineral change with increasing temperature?  Explain your answer.

Q4
You were recently engaged by Johnson and Johnson Corporation to find them a new source of talc in the dolomite karst country of northern Italy, which is cut by several major faults and intruded by felsic igneous rocks.  On your first traverse towards one of these intrusions you encountered outcrops containing dolomite, calcite and quartz followed by outcrops containing these minerals plus tremolite (Ca2Mg5Si8O22(OH)2).  However on the second traverse you encountered a large body of talc (Mg3Si4O10(OH)2) between the siliceous dolomite outcrops and those containing tremolite.  The talc outcrops also contained calcite and dolomite and in a few cases quartz.  Significantly the talc area straddled a large fault.  

10
a)
Draw a μH2O vs μCO2 diagram showing 1) the tremolite-forming reaction and 2) the talc forming reaction (indicate the slopes of these two reactions and their metastable extensions).  

7
b)
Use the diagram prepared in Part a to explain why you found talc on the second traverse but not the first traverse

8
c)
Explain why the tremolite outcrops all contained dolomite, quartz and calcite, whereas the talc outcrops generally only contained two of these three minerals.  Use an appropriate diagram to illustrate your answer.

25
Q6
As Chief Geologist of the emerging nation of Nuvo Orogen you took on the task of a reconstructing the P-T path of a billion-year old metamorphic belt that had undergone continent-continent collision.  You collected two samples both containing the assemblage: garnet-biotite-sillimanite-quartz-plagioclase and, using an electron microprobe, analysed the composition of the garnet, biotite and plagioclase.  The compositions that you obtained were as follows:



Sample 1:
Garnet (0.2 moles Mg; 2.2 moles Fe; 0.6 moles Ca)





Biotite (0.95 moles Mg; 2.05 moles Fe)





Plagioclase (An06)



Sample 2:
Garnet (0.2 moles Mg, 2.4 moles Fe, 0.4 moles Ca)





Biotite (1.1 moles Mg; 1.9 moles Fe)





Plagoclase (An10).



You therefore decided to employ the garnet biotite geothermometer and GASP geobarometer (3 An = Grt + 2Sil + Qtz) to help you in this task and applied the following calibrations.



T  = (52121+0.238P)/(19.51-24.934Ln KD)

T (degrees Kelvin)



P = (-48350+T(150.66-8.316Ln Keq))/6.608

P (bars).

10
a)
Discuss the thermodynamic principles underlying the use of the garnet-biotite geothermometer and GASP geobarometer.  Illustrate your answer with appropriate diagrams.

10
b) 
Calculate the temperature ((C) and pressure (bars) at which the two samples referred to above were metamorphosed, and use these data to draw a P-T-t path for the orogen.  Locate your samples on this path.

5
c)
Explain why rocks in the orogen underwent the path shown in Part b.

