Exercise 3      Gravity
This exercise is about gravity modelling (2D) along a profile from the North Cape basin in the Barents Sea. A starting model (enclosure 1) has been constructed on the basis of interpretation and depth conversion of the seismic profile 2945-85. The files with the model parameters can be found in the directory /mn/geofag/gfgruppe-prosj/ geofysikk/GEL2140/grav_data.
Enclosure 2 shows that part of the seismic section which corresponds to the right-hand third of the model in enclosure 1, whereas enclosure 2B shows a fraction of the profile together with RMS-velocities and interval velocities around shot point (SP) no. 6000. 

Densities have been determined using the velocity-density relations in enclosure 3: The Nafe-Drake curve plotted together with velocities from well logs in the Barents Sea.
The modelling is carried out on a workstation by means of the interactive gravity modelling program GM-SYS. The program is menu-driven, and enclosure 4 explains how to use it.
Enclosures 2, 2B and 3 are distributed by the teacher.


   Problems:

· GM – SYS calculates the free-air anomaly over the polygon model, and plots the model together with calculated and observed free-air anomaly. 
Is there any connection between the observed free-air anomaly and the crustal structure along the profile?
· Adjust the model (geometry and/or density) to obtain a better fit between the calculated and the observed anomaly while considering the constraints imposed by  the seismic data (geometry, the velocities in encl. 2B, velocity-density relations in encl. 3). 
Explain how you reasoned in order to obtain the result. Enclose an image (plot) showing the final result of the modelling. 
· Which are the weaknesses/uncertainties associated with the model you have
obtained? 









          Gravity – enclosure 4
GM – SYS 

Here the use of the gravity modelling program GM-SYS is explained. All the commands/ instructions given on the keyboard are shown with font type Courier, whereas all the choices to make in the menus are shown in italic. In GM-SYS only the left mouse button is used, and all the choices in the menus are done with that button.
Log on a work station. Before you start using GM-SYS, you should create a directory for the gravity exercise. Then you copy some files which are necessary for running the program to that directory. The files can be found in the directory /mn/geofag/gfgruppe-prosj/geofysikk/ GEL2140/grav_data. Figure 1 shows how this can be done:
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Fig. 1: Creating a new directory and copying files (notice the dot, which has to be there).

Log on the computer Lava by using the command ssh.
The program has to be run on a computer named Lava. Use the ssh-command to log on that computer from another workstation. When you are on Lava, change to the gravity directory. There you start the programme with the command gm_sys. First a small info window appears, which you do not have to care about, and then the main window appears together with a small ”Action” window.  
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Fig. 2: GM-SYS main window and ”Action” window. No model has been opened yet.

To load the starting model for the exercise: Choose File and then Open Model in the main window. A new window for selecting model files is opened (figure 3).

[image: image3.jpg]Filter
/mn/geofag/petro-u3/oeyvindp/GEL2140/grayimetri/*  surl

Directories Files

] grav_1.sur,
/mn/geofag/petro-u3/oeyvindp/GEL2140/gravimetri/..
Fi T Kl =]
File type TCM7§V§ Files (*.sury 1

Selection

/mn/geofag/petro-us/oeyvindp/GEL2140/gravimetri/

OK Iter Cancel





Fig. 3: Window for selecting model files.
If the field under Filter is empty, you write the address of the directory in which you have put the model files there, and at the end you add *.sur. Click on Filter, and the file name grav_1.sur appears in the field under Files. Click on the file name, then OK, and the model will be loaded into the program. The main window then looks like this:
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Fig. 4: Free-air anomalies (upper plot) and 2D cross section of the depth converted model (lower plot). 
In the upper plot where the anomalies are shown, the observed free-air anomaly is given by the black dotted line, the free-air anomaly calculated on the basis of the model under is given by the black continuous line, whereas the red line gives the difference between the two. In the model plot, D represents the density (S is not used). 
To make it easier to adjust the model, you should change the vertical scales. Click on View, and then 4: gl181. The main window will then be as shown in figure 5 (see next page).

Now the model can be changed be means of the sub-menus in the small “Action” window. By putting the cursor on a square symbol in the window, a short text explaining its function appears. The most important ones are:  
1) Move Point. Used for moving polygon points in the 2D model by means of the mouse (while pressing left button). Calculated anomaly (black line) is updated continuously when a point is moved.

2) Examine. Used for changing the parameters (name, density, seismic velocity, magnetization) of a model block (i.e., a layer, an intrusion etc.). Click on the block you want to change. A dialog window appears (figure 6, next page) in which the parameters of the block can be changed by typing (new) values in the white fields

3) Add Point, Delete Point, Split Block. 
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Fig. 5: Main window after change of vertical scales.
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4) Zoom. There are two options: 

Box Zoom - make a rectangle defining the area of interest.
Zoom In - click on the place where you want to zoom. 

Click on View and 4:gl181 to return to the original view.

When you have finished the modeling, you have to store the changes you have made. Use 

File and Save as, and a dialog window appears (figure 7). Choose a new model file name, f.ex. grav_1B.sur, to avoid that the original one is written over. The name is written in the white field under Selection (remember file type sur).
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Fig. 7: Dialog window for storing a new model.

To generate a file with an “image” showing the results of the modeling (i.e., the two plots in the main window):

1) Choose File and Print. A dialog window appears (figure 8, window to the left). 

2) Click on the field Load Config, and another dialog window appears (figure 8, window to the right). In the white field under Filter: Type the address of the main directory for your user and add /*, then click Filter. Under Directories you will get a list of sub-directories; choose the one you have created for the course, click Filter, then choose the directory for this exercise, click Filter. Under Files, the file name exer4.ppf shall appear (that is a file with information about the lay-out of the plots when printed on paper). Choose that file and click OK. The dialog window to the right in figure 8 disappears.   

3) Click on the field Printer Setup… in the remaining dialog window. In the small dialog window which then turns up, choose ISO A4 from the list under Paper Size and Landscape under Orientation. Finish with OK.
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Fig. 8: Dialog windows which are used when storing the “image”, which shows the modeling results, in a file. 


4) Finally: Click on the field Print in the dialog window to the left in figure 8. The window disappears and a new one turns up where you have to specify, in the field 
under Selection, in which directory and file you want to store the “image”. Remember file type ps. Finish with OK.
The file with the “image” can be sent to a printer from a Terminal window (similar to figure 1) either with the command ppr –Pig_2etg2 <file name>.ps or via Ghostview which is started with the command gv.
GM-SYS is terminated by choosing File and Exit GM-SYS. You will then be asked if you want to store the model. If you have not already done it, you should answer yes.

More help can be found on the manual pages of GM-SYS. These are started with the command man gm_sys in a Terminal window. Use the key ”d” to scroll down the manual and ”q” to quit the manual.















Fig. 6: Dialog window for changing block parameters.
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