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In Situ density determination using Nettleton’s method
Knowing the bulk density is obviously important to interpreting gravity data, but representative bulk density data is notoriously difficult to obtain.  Samples collected in the field tend to have a bias toward what can be collected from the surface, and thus may be more weathered, less fluid-saturated, or otherwise unrepresentative of the bulk.  Nettleton´s method uses a profile measured across a topographic feature to find the best estimate of bulk density for a region. This method is named after L. L. Nettleton, one of the pioneers of applied gravimetry, who realized that no gravity anomalies should remain after the Bouguer correction in an area of constant density.  The presence of topography is necessary to in order create enough variability so that value which minimizes the correlation of the Bouguer anomaly with topography can be found, but the topographic slopes should be gentle enough to minimize precision errors in the terrain correction.  Reduction of the data is carried out for several different assumed density values across the entire profile.  The Bouguer anomaly is plotted across the profile to see how flat the resulting curve is.  The density that gives the flattest profile, hence least correlation between elevation and Bouguer anomaly, is considered to be the closest value to the true bulk density of the rock.
Background/Theory

In gravity surveys the gravitational acceleration at each survey point is found by measuring the difference in acceleration between the survey point and a known reference point.  In our case the reference point is the local gravity base station (in the lobby of the Coker Life Sciences Bldg.)  From the known value at base station and the difference we calculate gobs.  The Bouguer anomaly at each survey point is obtained from the following equation:

gBou = gobs - gL + ah - Gh+ T + f




(1)

gL = 978031.85(1 + 0.005278895 sin2 - 0.000023462 sin4) mGal

G= 6.67310-11 N m2kg-2 = 6.67310-6 N m2kg-2 (mGal/(m s-2)) 

:
Latitude of survey point

h:
elevation of survey point (height above sea level)

:
rock density

T:
terrain correction (linearly dependent on ρ)

f:
correction due to drift 

This equation may be reduced and rewritten as:

gBou = gobs -  + ah - (G - T') + f



(2)

where a = 0.3086 mGal/m, and T' is the geometrical part of the terrain correction:
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(3)

Here 0 is the density used in the terrain correction tables.  T' varies from one survey point to the next just like elevation h for the free-air and the Bouguer corrections.

Procedure
You will measure a topographic and gravity profile over the hill at the USC pond.  This feature is approx. 10 meters high, and will provide a good gravity signal.  You should plan to make a measurement every couple of meters of elevation for a total of (at least) 5-6 stations.  You will take a reading at the gravity base station at the Coker Life Sciences Building both before and after measuring the profile.   At each gravity station, you will need to use the hand-level and measuring tape to record the difference in elevation and distance between stations.  Start at our local GPS-navigated reference point near the pond.
Measurements

The parameters that need to be measured are:

1) Elevation of survey points

2) Distance between survey points from GPS-located reference point

(alternatively, GPS coordinates for each reference point)

3) gravimeter reading at each survey point and the base station
Processing

Necessary data for calculations:

1.  Value of g at each survey point and the base station.
2.  XYZ position of survey points.
3.  Table with terrain correction due to deviations of the topography from the Bouguer plate.
Calculate gobs and find the best density for the topography.  Correction for drift of gravity meter with time is done by assuming a linear drift using measurements at the base station at the start and end of measurements.  For the terrain correction the tables are used to sum up the contributions of each Hammer zone.  Calculate the Bouguer correction for a variety of density values.   The best density is the one that makes the straightest line though all points.
Assignment
Hand in a report showing:

1. examples of calculations

2. table with results

3.  map of the elevation along profile

4.  Bouguer gravity along the profile for at least 3 different values of density (on this indicate the “best” density estimate)
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