Geology 633

 Metamorphism and Lithosphere Evolution

Controls on mineral assemblages: 

grade, bulk composition and projections

1.  The following mineral assemblages have been mapped in a sequence of metamorphosed pelites.  Two different rock units are present in the sequence.
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Increasing grade

a)  Assume all the rocks of the sequence were fluid free during metamorphism.  Choosing the appropriate components and using projections as necessary, plot the mineral phases present in the sequence on a compositional phase diagram (use the attached ternary diagram for exact plotting of the phases). 

b)  Make compositional phase diagrams appropriate for each of the three zones.  

c)   What mineral reaction relates Zone I to Zone II?  Zone II to Zone III?  Note that you do not need to balance the reactions exactly. 

d)   Mark with an (X) on each of the three zone diagrams of part (b) a possible bulk composition for Rock Unit 1 that would be compatible with each of the mineral reactions observed in this rock unit across the aureole.  Mark with an (O), a possible bulk composition compatible with the reactions observed in Rock Unit 2.  Note that bulk composition within each of the two rock units remains constant throughout the aureole.  (i.e., your X and O should be located at the same place on all three diagrams).

e)  Note that both rocks have the same mineral assemblage in Zone III.  What would be the difference between the two rocks in that zone?

Schreinemakers’ Exercise

The aim is to construct a Schreinemakers’ net for some very important reactions that define the amphibolite-granulite transition in metabasites, and to analyze what mineral assemblages are predicted for different bulk compositions and P-T conditions.

1. The seven phases and their simplified chemical formulae in the model 5-component metabasite chemical system CaO-(MgO+FeO)-Al2O3-SiO2-H2O system are:

Phase


Abbrev
Chemical formulae

Hornblende

Hbl

Ca2(Mg+Fe)4Al2Si7O22(OH)2 

Orthopyroxene
Opx

(Mg+Fe)2Si2O6
Clinopyroxene

Cpx

Ca(Mg+Fe)Si2O6
Garnet


Grt

Ca0.75(Mg+Fe)2.25Al2Si3O12
Plagioclase

Pl

CaAl2Si2O8

Quartz


Qtz

SiO2
Fluid or melt

F

H2O (or H2O contained in silicate liquid)

Assume that Qtz and F are present in excess. (Hint: plot the phases in a schematic ACF-type diagram in which A = Al, C = Ca and F = Mg+Fe. Make sure you plot the phases correctly or the rest of the question will fail!)

Assume that in P-T space the [Grt] reaction Hbl (+Qtz) = Opx + Cpx + Pl (+F) has a vertical slope. Use your knowledge of basic entropy-volume relationships of the reactions to help orientate approximately the other reactions in P-T space. 

2. Number each of the five divariant fields (areas between the univariant lines) on the diagram. Place schematic ACF-type diagrams showing the stable mineral assemblages in each divariant field.  

3. What mineral assemblages are seen for the following three bulk compositions in each of the five divariant fields:

Bulk composition

Name


A
C
F

A

Ca-poor metabasite

0.4
0.2
0.4

B

Normal metabasite

0.2
0.4
0.4

C

Fe+Mg-rich metabasite
0.1
0.3
0.6

Do all bulk compositions see all reactions?

4. What mineral associations tell you that you are in the granulite facies? What is the main difference between high and low pressure granulites?

