Assignment for those who missed the Cottonwood field trip; due March 25, in class, no extensions.

Problem 1: Athabaska River Cross-section (Canadian Rockies). Use the criteria given in class for constructing cross-sections in fold and thrust belts and construct an interpretative geologic cross-section through the Athabaska segment of the Canadian Rockies (Figure 1). Surface geologic observations within the thrust belt and the original stratigraphy as preserved in the present day foreland are shown in Figure 1.

Problem 2: The strength of the lithosphere. We talked about this subject in class. The issue: the brittle vs. ductile behavior of the lithosphere as a function of depth. Read pages 199-201 in textbook for a reminder. You will remember the strength vs depth diagram from class. In this problem you will plug in some real numbers typical for the Earth's crust. The purposes of this exercise are: (1) to lead you through some simple yet fundamental equations that we use to quantitatively determine the strength of lithosphere, (2) to show you how different the oceans are from the continental regions from this point of view and (3) to make you aware of the limits of our knowledge in this subject (only small changes in the experimentally-determined constants may significant alter the strength vs. depth curve).  It will help to use a spreadsheet program or a graphing calculator (makes all the plotting much easier).  

a. The shear stress at which frictional sliding begins (the strength of the rocks) in brittle rocks is related to the normal stress (n​):

= 0.75 n,  for 3<n<200 MPa

=60+0.6n,  for 200<n
Assume that n can be approximated by the lithostatic stress (n=gd), the average density of the continental crust is 2700 kg/m3, the average density of the oceanic crust is 2900 kg/m3, and the average density of both oceanic and continental mantle is 3300 kg/m3. Calculate and draw the strength vs. graph for  (1) the oceanic and (2) the continental crust. The oceanic crust is 7 km thick, whereas the continental crust is 45 km thick. 

b. At higher pressures, rocks obey a flow law that describes the dislocation flow.  The simplest form of that law is written as a strain rate () function of strength:
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Where S- plastic strength (MPa) , A is a material parameter, n- a constant characteristic of the type of creep process, Q is the dislocation flow activation energy (J/mol), T-temperature (degrees C), and R- the gas constant. Determine  the S.I. units for A, the material parameter. 

The plastic strength of a crystalline material can be compared to its brittle strength. Whichever is the lowest will define the strength "envelope" at any given depth. In order to calculate the plastic strength of the two cases from (a) (i.e. oceanic and continental crust) you need to rearrange expression 1 as a strength = f(depth). You can replace temperature with depth if you know the thermal gradient in each case. Draw the oceanic and continental crustal strength vs. depth curves for:

n=3

A= 103 (in units you have already determined by now…)

Q=200 kJ/mol

(R, the gas constant = 8.31 J / (mol 0C).  Assume that the continental thermal gradient is 20 0C/km, whereas the oceanic thermal gradient is 30 0C/km (also assume for simplicity that the temperature at the surface of the Earth is 0 0C). Calculate both cases for strain rates ():

= 10-15 s-1. 

c. Determine the depth of the brittle-ductile transition in the two cases, and state which crust (none, both, or only one) would effectively have such a brittle-ductile transition.

d. In reality all the numbers we get from experiments may or may not be all that robust and applicable to the "real world".  One somewhat uncertain parameter is n, the power of the strength term. We used n=3 in the example above but the literature reports values from 2 to 5.  Draw two power law plastic strength curves for the case of the continental crust: use n=3 (done already  in b), and then n=2, just to see how much of a difference that makes. Calculate the depth to the brittle-ductile transition for the new case of n=2.  

e. Calculate the strength of the continental crust at the base of the crust for the case of n=3. At what temperatures would typical continental crustal materials (with parameters given in this problem) start behaving ductily (calculate this also for n=3)?

f. Qualitatively, comment how would the strength envelope change for much higher crustal strain rates (e.g.   10-6 s-1)? 
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