Continental Crust Mass Balance Calculation

One of the important questions in geochemistry, petrology and tectonics is:  “How do we make room for large plutons (or even batholiths) in the crust?”  In continental arcs, large volumes of magma (and thus continental crust) are generated and emplaced in relatively short periods of time.  Many geoscientists have ruminated on the question of how we make room for these large volumes of crust.  This exercise is designed to get you to think about this question and to determine whether it is truly a “problem”.  I also want you to think about the implications of this exercise for the structure and composition of continental crust.  

The Mineral Mountains batholith in southwest Utah is an 18 Ma composite pluton with an average composition of quartz monzonite (see composition data on the following page; after Coleman and Walker, 1992) and 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.  

As you do the following calculations, I have provided some hints on the following page.  You may wish to refer to them if you get stuck.  

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.  Assuming the exposed area of diorite is the same as that of the quartz monzonite, how much thicker would the diorite have to be?  

2. Assuming the residue (from generating the quartz monzonite) has a density of 3.3 g/cm3, calculate the volume of residue generated.  Express these results as the total volume of residue and the volume residue per unit volume quartz monzonite generated.  Does the volume of monzonite + residue = the volume of diorite?  

3. Calculate the composition of the residue and calculate its normative composition (on a computer).  What rock type is the residue (use the appropriate IUGS classification scheme)?  Where are you likely to find this type of rock?  See if you can find a picture of this type of rock on the web and describe it (as you would a hand sample).  

4. 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.  

5. 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.  All of your calculations speak to this debate.  Pull together your answers to the questions above to briefly discuss the implications of your calculations for that debate.  

Geochemical data (all oxides are presented as weight percent):  
	
	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
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Hints for your calculations:  

Before you begin ANY of the calculations, think carefully about the information that you are given and what is to be calculated.  

Question 1:  This question has several steps.  

The fact that K2O is perfectly incompatible is extremely important in this step.

KEEP TRACK OF UNITS!!  

Remember that wt. % is the same as g/100g and doesn’t tell you about the actual mass or quantity of an oxide

Question 2:  This question has several steps, too.  

Think about how you did question 1 – work backwards to get what you need.  

KEEP TRACK OF UNITS!!

Question 3:  This question follows up on question 2.  Continue to work backward.  

KEEP TRACK OF UNITS!!

