Geophysics 325  Assignment 1 – Gravity methods

1. The list below provides densities and dimensions for the Earth’s core, mantle and crust. Calculate the following

(a) Mass of the core

(b) Mass of the mantle

(c) Mass of the crust

(d) Gravitational acceleration at the surface of the Earth due to the core

(e) Gravitational acceleration at the surface of the Earth due to the mantle

(f) Gravitational acceleration at the surface of the Earth due to the crust

(g) Total of (d), (e) and (f)

Radius of core 

= 3480 km
Mean density of core 
= 11,000 kg m-3

Outer radius of mantle 
= 6337 km
Mean density of mantle 
=   4,500 kg m-3

Volume of crust

= 1019 m3
Mean density of crust
=   2,800 kg m-3

Radius of Earth

= 6367 km  

Hint : To calculate the gravity effect a shell (i.e. the mantle or crust), simply use Gauss’s theorem as we did in class for a sphere and cylinder (derivation is not needed).
2. Use Gauss’s theorem to compute the gravitational acceleration of a thin slab. Use the same notation and geometry as in B2.2

3. The LRT tunnel has a diameter of 5 m and is buried in sedimentary rocks with a  density 2.8 g cm-3. The centre is at a depth of  4 m below the surface in downtown Edmonton. A gravity survey was run on a surface profile that crossed a long, straight section of the tunnel at right angles. 

(a) Sketch the variation in gz that would be observed. Calculate the minimum value of gz in mgal. Also calculate the half-width of the curve.

(b) The gravity data has standard errors of 0.02 mgal. What is the maximum depth at which the tunnel will be detectable on the basis of surface gravity measurements? Explain your answer.

(c) What is the minimum horizontal spacing of gravity measurements that would be needed to detect the tunnel in (a)? Explain you answer carefully.

(d) To have gravity data accurate to 0.02 mgal, what accuracy in vertical position is required?  

Assignment due at class on Friday October 7th  2005
