Continental Crust Mass Balance Calculation

The Mineral Mountains batholith in southwest Utah is an 18 Ma composite pluton with an average composition of quartz monzonite (see composition data below) and exposed dimensions of 25 km x 10 km x 2.0 km.  Field, geochemical and geochronological evidence indicate that the pluton was derived via partial melting of 18-25 Ma diorite (see composition data below) in a closed system.  

Assume that during partial melting of the diorite, K2O is perfectly incompatible (i.e. 100% of the K2O in the diorite is partitioned into the quartz monzonite liquid).  

1. Calculate the minimum volume of diorite that had to be present in order to generate the exposed volume of quartz monzonite.  

This is a four-step calculation:  

a. Calculate the volume of quartz monzonite using the numbers given in the introduction.  Remember, to convert to cm3, it will make the next step much easier.  

b. Calculate mass (in grams) of each element present in the quartz monzonite using the average density of quartz monzonite.  

c. As stated above, K2O is perfectly incompatible, so entire mass used to be a part of the diorite. K2O comprises 1.4% of diorite; therefore, you can calculate the total mass of the diorite.

d. Calculate the volume of diorite needed using the density of the diorite.  Warning:  this number is in cm3 don’t forget to convert to km3 so that the number means something to you in terms of a pluton.  

Assuming the residue has a density of 3.3 g/cm3, calculate the volume of residue generated.  

This part is also a multi-step calculation:  

a. Calculate the mass of each element in the diorite by multiplying the wt % by the total mass.

b. Calculate the mass of each element in the residue by subtracting the mass of each element in quartz monzonite from those in the diorite.  

c. Sum all masses to get the total mass of the residual material.

d. Calculate the volume of residue using density given above.  

Express these results both as the total volume and the volume per unit volume quartz monzonite generated.  

2. Calculate the composition of the residue 

Using the mass of elements in the residual material and the sum of the masses, calculate the composition (in weight %).  

and calculate its normative composition (on a computer).  

Use the composition above and the NORM calculator to calculate the normative mineralogy of the residue.

What rock type is the residue? 

The NORM calculator very nicely calculates both QAPF and Ol-Cpx-Opx.  Use the IUGS ultramafic triangle to determine the rock type.  

3. Assuming that the diorite was neutrally buoyant before melting (i.e. it had the same density as surrounding wall rocks), predict what would happen to the resulting quartz monzonite magma (density = 2.4 g/cm3) and residue.  

Quartz diorite rises – residue sinks…

4. Of significant debate in the Earth sciences is how to generate space in the crust to accommodate emplacement of plutons like the Mineral Mountains batholith and significantly larger plutons.  Briefly discuss the implications of the results of your calculations above for that debate.  

This is where the higher-order thinking skills come in – this is an excellent way to start a discussion of some of the implications of what they have just calculated for big questions in geology.  

Data you will need…

	
	Diorite
	Average Quartz Monzonite

	( (density)
	2.9 g/cm3
	2.7 g/cm3

	SiO2
	52.0
	68.1

	Al2O3
	14.4
	16.2

	CaO
	9.0
	1.7

	MgO
	7.3
	0.58

	Fe2O3
	3.9
	0.70

	FeO
	7.87
	1.3

	TiO2
	1.0
	0.39

	Na2O
	3.1
	4.7

	K2O
	1.4
	6.2

	P2O5
	0.21
	0.14


All oxides are presented as weight percent
