Geology 230 — March 3, 2009
Introduction to total station surveying and Golden Graphics SURFER contouring software Exercises DUE Tuesday, March 10, 2009
Today’s activities will introduce you to two new techniques for data collection and analysis: 1) use of total station laser surveyors as a tool for making maps, and 2) use of a powerful contouring program called SURFER. 

Part 1: Total station surveying: Laser surveyors (commonly called "total stations") are routinely used to make a precise, digital map of an area. Essentially, the total station shoots a precise laser beam to a mirror that is mounted on top of a movable pole. The mirror bounces the beam back to the total station, which then computes the distance to the mirror and its position relative to the total station. The mirror and pole are moved around the map area to the various survey points, and the total station shoots the location of each point, storing these locations into its computer as XYZ data. When the survey is finished, the total station is taken back to the lab and the data are downloaded to a computer and then manipulated to make a map. 

Here are the basic steps to making a map with a total station:

1) Figure out what exactly it is that you are mapping and why. This may seem obvious, but it’s critical that the boundaries of your map area and the objectives of your mapping be clearly defined before you get out the total station. Write down in your field book your mapping objectives and other pertinent information (names of people in your group, weather conditions, date and time, etc.)

2) Make a quick "eyeball" plan view sketch of your map area in your field book. This will be an important reference to which you will later append information such as the location of home stations, back sites, etc.

3) Take a few minutes to walk around your map area and figure out where the optimal places for home stations, backsites, and traverses are. Also, this is a good time to decide on your point ID nomenclature. For example, if you are mapping a pile of mine tailings, you may decide that you first want to map the perimeter of the tailings and give those station points ID numbers such as PMT001, PMT002, etc. Points shot on transect across the mine tailings pile might be given a different set of point ID’s, such as TR1001 for "transect 1, point 001”). Create a list of codes in your field book as you plan your shoot.

4) Set up your home base stakes and your backsite stakes. This involves physically labeling the stakes, placing them in the ground at the appropriate locations, and marking their approximate locations on your field map. Make sure you will be able to see your first home position from your last home position, so you can "close" the survey and get some idea as to the error of your shoot.

5) Before actually doing any shooting, get together with your team and make sure everyone knows what is going on. Go over the location of the stakes and point ID nomenclature. Also, make sure everyone agrees on how the shoot will proceed, when the total station will be moved, etc.

6) Set up the total station over the first home point, level it, and set up the job. Detailed directions on how to do this can be found in the document Using the Leica 307 Total Stations available on the G130 home page.

7) Begin by shooting the location of all future home points and all the backsites you can see from the first home station.

8) Proceed with your shoot from that first home station. 

9) When you’ve finished shooting all you can from the home station, move the gun to the next home point, level it, and triangulate off of at least 3 and as many as 5 backsites. Remember, you can use the first home station as a backsite. Set the station orientation, again referring to the document Using the Leica 307 Total Stations for specific operating procedures.

10) Before proceeding with your survey, shoot the location of the next home station and any backsites you could not see from the first home position. Remember, a backsite is only good if it can be seen from more than one location.

11) Continue with your survey.

12) Move the gun again, if needed, as specified in step 9.

13) When you are completely finished with your field work, take the total station back to the lab and download your data to an available computer. Make sure you have at least one backup of your data before you give the total station to anyone else.

Part II: Introduction to SURFER software: SURFER is the program we will use to manipulate xyz data from the total station to make a map. SURFER starts with a series of irregularly-spaced spatial data points in 3-D (in other words, x,y,z data) and interpolates between the data to produce a regularly spaced set of x,y,z data on a grid. Using the gridded data, SURFER then is capable of producing a contour map. In some instances, you may be starting with gridded data sets (for example, digital elevation models or DEM’s), so it will be possible to contour the data set directly. 
SURFER allows you to select among eight different ways to grid a set of ungridded data. These different methods vary in terms of their complexity (i.e., the time it will take the program to do the gridding) and their accuracy. Most geologic data sets can be effectively gridded using either the minimum curvature or kriging methods. The minimum curvature method generates smooth contours and is fast, but can produce boundary effects beyond the limits of the data set. The kriging method is slower but commonly a bit more precise. It tends to generate the best overall interpretation of the data and is the default method in SURFER.
Gridding data using SURFER:

To grid randomly distributed data in SURFER, use Grid/Data from the menu bar. SURFER expects ASCII data organized in columns that are either tab or space delimited. You can put data in this format using Excel, a text editor such as Window’s Notepad, or a word processor. You can also type in and organize such data using SURFER’s worksheet capability. In the exercise we did last week, you used excel to parse out a set of total station data into x,y,z (easting, northing, elevation) columns — that same method will work here. 

When you create a grid file, there are several options to consider. These options, from SURFER’s help files, are: 

Gridding Methods determine how the original data is interpreted when creating the grid file. 

Gridding Options control the Anisotropy and Data Treatment during gridding. 

Grid File Formats are the file formats for grid files. 

Grid Line Geometry controls the Grid Limits and

Grid Density used for the grid file. 

Search Options control the Search Type, Search Rules and Search Ellipse parameters. 

Each of these topics is discussed in SURFER’s help files.

General steps for gridding data using SURFER: 

1.Select Grid/Data from the menu bar and SURFER presents a text box in which you move through your computer’s directory structure and click the text file you wish to grid. 

2.SURFER then presents its "Scattered Data Interpolation" text box. Indicate which of the columns in your data file has the x, y, and z values you wish to grid, the spacing you wish those data to be gridded at (minimum and maximum values), the gridding method, and the name of the output file. Kriging is not a bad default for gridding most data. Click OK and SURFER grids your data; they are ready to contour, etc. 

3. Select Map/Post from SURFER’s menu bar. Double click on the data file that contains the points you used to make the contour map, SURFER presents its "Post Map" dialog box. Specify the x and y coordinate columns, change the default symbol, color, font, and the like so it looks good, and click OK. Note: If you want to have different symbols for different data points, you will need to organize your original spreadsheet so the coordinates for each data point type is in separate columns, then post them up separately on your map using SURFER and give each subset a unique symbol in the "post map" dialog box.

4. If you would like to contour your data, select ‘New Contour Map’ and click navigating to the *.grd file. Once the gridded data are read by the program, another dialog box appears in which you can specify the contour inteval and/or fill the contours with different colors. To change the contour interval, click the ‘levels’ tab, then click ‘levels’ again and change the ‘interval’ to the appropriate number. Click OK twice and your map should appear with the contours. Once the contoured data are plotted , you can add a title to your map, a north arrow, a legend, etc. by using the options in the menu bar at the top of the page.

Exercises for this week:

Part I:

1. Download the files FARLIN02. Before saving the files, create a folder entitled "Geology 230" at the desktop level and putting the files into that folder. This file contains data from a total station shoot of an abandoned mine tailings pile in the Pioneer Range of southwestern Montana.

2. Save the file as a text file, using the procedure we learned last week:

a. Open the web page which has the link you want to download.

b. Right click on the link you want to download.

c. In the menu box that opens select the "save target as" option

d. If you have not already done so, create a folder entitled "Geology 230" at the desktop level of the HD. Use this folder for all of your work

e. Save the file as a text file. Change the extension to .txt, so you can easily identify the file type .

f. Start Excel and open the text file you just saved. You will need to set the file type to All Files (*.*)

g. The parse dialog box will open. Check out the data set to see how they are delimited and parse the data accordingly.

3. Insert a row at the top of the data set and label the columns ‘Point ID’, easting, northing, and elevation.

4. Launch surfer and post your easting and northing data. To do this, pull down the map menu bar and go to post map > new post map, then follow the directions in step 3 of the section "General steps for gridding data using SURFER" above.

5. To superimpose contours onto your post map, you will first need to grid your data if you have not already done so. Follow step 4 in the section above to grid your data. Use the kriging method.

6. Add a title, legend, and north arrow to your map and print it out. 

7. Repeat steps 4-6, but use the minimum curvature method for your gridding. Discuss in a paragraph or so the main differences between the two maps. Which seems more precise? Is this precision real or do you think it is artificial? I want to see some critical thinking here, not just a few cursory words.

Part III; continued work with SURFER:

1. Dowload the file Laird04.txt . This file contains (x,y,z) data for a topographic total station shoot in the Laird Creek drainage near Darby.

2. Grid the data in this file, using SURFER.

3. Create a post map of the data set.

3. Add contours to your post map, using a contour interval of 1 m.

4. Add a title and legend to the map.

5. Re-grid the data using the minimum curvature method and construct a second map complete with title, legend, etc.

Hand in each of your four maps, complete with title, legend, and north arrow. Also hand in your response to the question in Part I, step 7.

