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LAB 4: Processing of the KM1003 Geophysics Data 
Due Tue, March 16 

This is a two-part Lab.  The purpose of this lab is to learn how to manipulate and process real shipboard 
geophysics data.  Your goals will be to first reduce the raw gravity data to free-air anomaly, and then do a 
short analysis of the simple Bouguer anomaly.  Second you will remove the IGRF reference field of the 
magnetic data and discuss the results.   
 

Part I. 
1. Reducing raw gravimeter readings to free-air gravity anomaly 

This part of the data processing will require converting the gravimeter dial readings to mGal (using 
“dial_to_mGal.m”), removing the Earth’s normal field (gN), applying the Eӧtvӧs correction, and removing 
any short-wavelength noise that cannot be related to geology.  The data are in the file “dat.txt” and can be 
plotted using the script “plotdata.m”.  Columns 7-10 are day of the year (Julian day), hour, min, and 
second, respectively, for each measurement.  The eastward component of the ship’s speed (i.e., 
v*cos(azimuth) in the Eӧtvӧs equation) can be computed by taking the difference in longitude between 
two locations multiplying by 60 (to get nautical miles) and dividing by the time between the two 
locations.  Filtering noisy data can be done with, e.g., “medfilt1” or “smooth(Y,span,‘rloess’)” will 
probably be necessary.   

You should create your own plots to verify each step of the way.  Please (at least) show the following 
plots on one page “subplot (311)” raw gravity in mGal and free-air anomaly (both having a value near or 
at zero at the start of the ship track), “subplot(312)” eastward component of the ship’s velocity, and 
“subplot(313)” bathymetry, all versus longitude. On a separate page, plot a map of our ship track.  As 
usual, all scales should be adjusted so the important variations can be easily seen.  Discuss the sources of 
differences between the raw and free-air data.   

 
2. Simple Bouguer anomaly 

From the free-air anomaly, remove the effects of seafloor topography by using the infinite slab 
approximation to produce a simple Bouguer anomaly.  There are two approaches.  One is to “fill-in” the 
water with material with the same density as the Hawaiian crust (lower left figure below), the other is to 
set a base level below the seafloor (e.g., the deepest point of our survey), predict the attraction of all crust 
above this base level, and then remove that signal from the free-air anomaly (lower right).   

 

Note, we had problems with the multibeam system occasionally picking the seafloor ~200m deeper 
than it really was.  This artifact will have to be dealt with somehow or another. To get a feel for what the 
Bouguer correction is doing, you should experiment with crustal densities spanning a realistic range 
(2400-2900 kg/m3) or beyond.  Pick the realistic density that minimizes the variation (e.g., standard 
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deviation) of the Bouguer anomaly.  This is your best estimate for the density of the crust.  Plot Bouguer 
anomaly for the range of densities that you considered and highlight your preferred anomaly (again versus 
longitude).  The resulting Bouguer anomaly will still vary quite a bit.  What geologic structure do you 
think the Bouguer anomaly is sensing? 

 
Part II 

 
3. Total magnetic field anomaly 

The KM’s cesium pump magnetometer measures the total strength of the Earth’s magnetic field in nT. 
From the raw data, remove the IGRF reference field.  A good website that I found for obtaining the IGRF 
field at various locations and days is http://www.ngdc.noaa.gov/geomag/magfield.shtml.  

1. Click on “compute values for areas” 
2. Enter the range of latitude and longitude (note -157 E longitude is the same as +157 W longitude) 
3. Enter the increments in lat/lon (I suggest 0.1 degrees).  
4. Enter the day of the survey.  Most of this line was done on Feb 21 
5. Under “Magnetic Component”, click on “F (total intensity)” 
6. Then “view results by list” and click on “Compute Magnetic Field Components” 
7. Copy and past the data into a file called IGRF.txt and you should be able to run the script 

“process_magy_start.m” and view what you’ve downloaded. 
 

Now you can use “interp2” to interpolate values from the new IGRF grid to the values at each of your 
measurement points.  It is then straightforward to remove the IGRF field from the data.  Plot both the (a) 
total observed field (i.e., raw data) and the IGRF field versus longitude.  Then plot the total field anomaly 
(i.e., after removing the IGRF field) versus longitude in a separate plot.  Discuss the causes for the 
differences between the observed total field and the total field anomaly. Discuss the likely geologic 
sources of the fluctuations in the total field anomaly.   


