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B. GRAVITY EXPLORATION METHODS - Outline

1. Introduction

1.1  Newtonian gravitation for a point mass

1.2  Density of rocks and minerals

1.3 Approximate calculation to estimate size of gravity anomalies



● Always measure the effect of the whole Earth plus shallow structure


● Units used in gravity measurements


2. Physics of gravity exploration



2.1 g for a distributed mass

 


● use principle of superposition and integrate over distributed mass


2.2 Gravitational potential

● Equipotential surfaces


● the geoid, factors controlling shape of geoid


● Integral to derive U for a distributed mass


● Differentiate potential to obtain g


2.3 Gauss’s theorem and non-uniqueness


● Excess mass within a surface,S, can be uniquely determined



● The location of the excess mass within S cannot be uniquely determined         



● Non-uniqueness of potential field data  


3. Gravity anomalies of some simple shapes

3.1 Horizontal thin rod



3.2  Horizontal layer     
Formula needed for calculating Bouguer correction



3.3  Sphere 

Use Gauss’s theorem to simplify calculation. Half width of anomaly is proportional to the depth of the sphere.
3.4  Horizontal cylinder        Demonstration of Gravmodeler software for cylinders
3.5  Gravity response of general 2-D and 3-D structures






Numerical modelling on a PC


4. Other factors that cause changes in g and need to be corrected

 

4.1 Latitude The Earth is rotating and not exactly spherical. GRS67 formula

  

4.2 Elevation of measurement location  Free air and Bouguer corrections



4.3 Terrain 

5. Instrumentation and field procedures


5.1 Measuring devices



5.1.1 Absolute gravity measurements : free fall devices and pendulums



5.1.2 Relative measurements : pendulums, mass-on-a-spring gravimeters  (0.01 mgal)


5.2 Survey procedures




● Base stations.




● Tie to IGNS71 stations to give absolute values and connect surveys.


5.3 More corrections!


● tidal effects, instrument drift




● sources of error
6. Analysis techniques for gravity data

6.1 Regional and residuals

● Measured gravity depends on Earth structures ranging from scales of 1m to 10,000 km

● Generally deeper structures produce long wavelength variations called regional trends

● Shallow structure produces short wavelength variations called residuals or anomalies 


● In shallow exploration, the regional trend needs to be removed to see the anomaly.


● In other studies the regional trend could be what we wish to study.



● Residuals may be removed by computing regional trends in the data, and then subtracting these from the measured Bouguer anomalies. However care is needed not to eliminate useful data during this process.

6.2 Half width techniques


● For a number of shapes (e.g. sphere and cylinder), the width of the anomaly can give an approximate depth to the density anomaly.


● However in some cases this approach can be very wrong! 
6.3 Excess mass using Gauss’s theorem


● This is the one quantity that gravity exploration can define!


● We can determine how much mass is there, but not where it is!


● Examples : ore bodies and the Chicxulub impact crater in Mexico

6.4 Forward modelling with a general 2-D model


● Computers now allow us to compute the gravity anomaly of a completely general model


● The density model is adjusted until a satisfactory fit to the measured data is obtained


● Remember that gravity data does not provide a unique density model. Other models will also fit the data, so other information is needed to constrain the solution. Sometimes the permissible range of Earth densities will help. Alternatively imposing a minimum density will allow us to determine the ideal body that generates the observed anomaly.


● In all cases information from geology, common sense, or other geophysical surveys should be used if it is available.


● A good example of a 2-D gravity modelling program is GravModeler from Geotools that will be available for use in the computer laboratory.

6.5 Horizontal derivatives

7. Applications



● Early use of gravity exploration in the oil industry using the Eötvös torsion balance.


Detection of Nash Dome, Louisiana in late 1920s.




● Depth to bedrock studies




● Landfill geometry




● Locating caves




● Chicxulub impact crater
8. Isostacy and the structure of the Earth





● observations of pendulum deflection close to the Himalaya by George Everest (1840)



● Airy and Pratt hypotheses



● what density variations cause the buoyancy that holds up high mountains?



● review of free-air and Bouguer corrections





● gravity variations and density structure in Western Canada
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