Exercise 7d – Plate Boundaries in the Woodlark Basin Region: making a geologic map

Data sets (from Exercises 7a and b):
· SRTM DEMs from CGIAR

· high resolution bathy DEM of the Woodlark Basin region

· earthquake data from USGS Earthquake Hazard Program

· world volcano data from the Smithsonian Global Volcanism Program 

· continents shapefile from ESRI

· etopo1 bathy/topo DEM from NGDC/NOAA

· georeferenced maps of plate motion vectors and seafloor ages
Due: Friday, March 15 at the start of class.
Goal: to use a Geodatabase to create a map of the Woodlark Basin region of the Southwest Pacific that shows plate boundaries and plate areas.
Turn in: an exquisite ArcMap that illustrates the important and interesting aspects of both the plates of the region and the locations and types of plate boundaries.
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New technique in this exercise:

· editing common boundaries in a polygon shapefile using the topology edit tool.
· creating a geodatabase; adding feature datasets and feature classes; creating and using domains.
· performing a topological analysis.
· converting lines to polygons to create a topologically valid geologic map.
Part I. Making a simple two-unit geologic map

In the previous part of this exercise, you edited a line shapefile to make a map of the plate boundaries of the Woodlark Basin area. But what if you wanted more than a collection of boundaries? What if you also wanted to make a plate map where each of the plates is colorized and labeled? For that, you’d need a polygon shapefile, instead of a line shapefile. We’ll start by looking at a simple way to make a geologic map that has colored areas, and not just contacts/boundaries.
A. Making the map 

1. In ArcCatalog, create a new polygon shapefile, WGS84 is OK for the CS. Add a field called PLATE, and make it a text field. 50 characters is fine.

2. Launch ArcMap, and add your new shapefile. 

3. Start editing, and set snapping for the file to ends, edges, and vertices.

4. Draw your first polygon to look like (approximately) Plate 1 below (including the appropriate portion of the map boundary). Don’t worry about the actual shape as long as the 1-2 boundary is a bit wiggly. Double click to end the first polygon. Open the Editor attribute table, and type Plate 1 in the field PLATE for the first plate.
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5. Draw Plate 2, making sure that the second polygon boundary follows the first precisely where they share a contact. If you have set snapping correctly, it shouldn’t be too difficult to match the common boundary between the two polygons, although it does take some attention to detail.
6. Enter Plate 2 in the attribute table for this one.

7. Symbolize the two plates differently (remember to select PLATE in the Value field). Be sure to save before going on to the next step.

B.  Editing the map
1. What if you want to edit your map? Start Editing, and select Plate 2. Double click on it to show the vertices, and drag some of the vertices around to change the shape of the contact between units 1 and 2. Double-click outside the polygon to deselect. Uh-oh. The contact moves for Plate 2, but the contact for Plate 1 hasn’t moved. Rats. It looks like you have gaps that you have to fill by precisely moving the other polygon boundary.

2. But! Never fear. Stop Editing, and don’t save your edits. 

3. Start Editing again. Editor > More Editing Tools  > Topology. Choose the Map Topology icon (the one to the right of the pulldown). Put a check next to your polygon file.

4. Select the Topology Edit tool (the selection arrow with the points grid underneath it), rather than the regular Editor selection tool. Double-click in the polygon that you want to edit in order to bring up the vertices, and drag the vertices to reshape the boundary between Plates 1 and 2. Wow! Both polygon boundaries move at the same time! You can also delete and add vertices as you can in the regular editing environment.

C. Symbolizing portions of contacts differently
1. Ok, so this seems like a pretty good way to create a simple geologic map (and it is!). 

2. But, what if a contact between units is certain in some places but uncertain or hidden in others, and you would like to draw the contact with different symbols for different parts of the contact? Unfortunately, a polygon boundary has to have the same symbology all the way around.

What we need is a technique to create polygons from a group of lines that can be symbolized differently. That way, you can have colored areas that represent geologic units (or plates, in the case of this exercise) separated by contacts (in this case plate boundaries) that can be symbolized differently in different places. 

The technique outlined below that involves converting lines to polygons in a geodatabase can be done at the ArcEditor or ArcInfo license levels of ArcGIS, but not at the ArcView license level.
A word of caution: some of what you will do in this exercise must be done in ArcCatalog. You may not be allowed to modify an item that is also open in ArcMap (depending on what you are trying to do). If something is not working, check to see if the instructions told you to close ArcMap first.
Part II. Creating a geologic map by converting lines to polygons using a Geodatabase and topology

A. Creating the Geodatabase in ArcCatalog 
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Launch ArcCatalog. Rt-click on the folder where you want to store your Geodatabase. Choose New > Personal geodatabase. Name the Geodatabase, and click OK. 

2. You’ll see a new icon appear that looks like a tuna can. This is the “container” that will store all of the datasets in your geodatabase.

a. Inside your geodatabase, you’ll add Feature datasets. You can think of a Feature dataset as a container that holds a set of Feature Classes.

b. A Feature Class is a set of geographic features with the same geometry type, e.g., earthquakes or volcanoes (point data), streams (line data), and geologic units (polygon data). You have worked with feature classes before when you have worked with shapefiles. Shapefiles are only one way to store feature class data. Feature class data can also be stored in coverages, which you worked with in the NYS geo map exercise. You’re now going to work with another way of storing feature class data – in a geodatabase inside a Feature dataset.

c. So, you can think of a Feature Dataset as a powerful folder. A Feature Dataset can contain as many Feature Classes as you want, of whatever type you want. But each Feature Class can contain only one type of data (point, line, or polygon). You will set the coordinate system for the Feature Dataset, and then every Feature Class that you add will have that same coordinate system.

3. To add a Feature Dataset to your geodatabase, rt-click on the geodatabase. New > Feature Dataset. 
a. Name the Feature Dataset (remember that this is the equivalent of a folder). 
Click Next. Set the CS to match your other Woodlark data (WGS84), or import it from one of your other files. Click Next.

b. You can ignore the vertical system settings. Click next. The default tolerances are more than adequate. Click finish.

4. To add a Feature Class to your Feature Dataset, rt-click on the Feature Data set icon within your geodatabase. This Feature Class will be the place where you will draw your plate boundary outlines.

a. Name the Feature Class, and select Line Features (picture next page). Click Next.
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b. Under Field Name, add a new field called type under the word SHAPE. Set the Data Type to text. 
c. In the Field Properties box, set Allow NULL values to No. Click Finish.
5. Notice that you did not need to set a coordinate system/projection for this Feature Class. The coordinate system is defined at the Feature Dataset level. This means that you cannot mix data that are in one coordinate system with data that are in another coordinate system/projection in the same feature dataset.

6. Adding domains
a. Here’s where you can enter the various types of plate boundaries so that you can select from a pulldown menu, instead of having to type into the Editor attribute table each time you add a new plate boundary segment (yay!!).

b. In the ArcCatalog TOC, open the properties window for the Geodatabse (not the Feature Dataset). Click the Domains tab.

c. In the field under Domain Name, enter bound_types. You can add a description to describe the field’s function (e.g., type of plate boundary). Change Field Type to Text.
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Under Code and Description, you will enter the names that you want to have appear in the pulldowns to use when you are adding and editing your plate boundary lines. Enter identical data on both the coded and description lines. For the Woodlark Basin, let’s use:  

divergent plate boundary - certain

divergent plate boundary - uncertain

convergent plate boundary - certain

convergent plate boundary - uncertain

right lateral transform - certain

right lateral transform - uncertain

left lateral transform - certain

left lateral transform - uncertain

uncertain boundary

map edge

e. You can use Copy and Paste to quickly populate these fields. Check your spelling, and click OK. 

f. In the previous step, you set up domains to choose from. In order to use them, you have to tell ArcMap which field(s) will have those domains to choose from. 

g. Go to the Properties window for your Plate_boundaries feature class. Click the Fields tab (pic next page). Highlight your type field by clicking in the column next to the word type. In the Field Properties box, click next to Domain, and scroll to select the [image: image10.png]Database Properties
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bound_type list. Click OK.

h. If you want one of your values on the domain list to be the default value in the field (i.e., it will be entered automatically if you fail to make a choice) type that value into the Default Value field exactly as it appears in the domain list.

i. To delete a domain (if you decide that you’ve really jacked things up and you want to start over). Be sure to first de-associate the domain from the field in the Field menu above (click on bound_type next to domain, and change it back to blank. Then close the Feature Class Properties, and go to the Data Management Tools > Domains > Delete Domain. Select your Geodatabase as the input workspace, and use the pulldown to select the domain that you want to delete. You cannot delete a domain if the domain is still associated with a particular field anywhere in the geodatabase, so, if you’ve associated this domain with more than one field in more than one feature class, you’ll need to disassociate all of them first before you can delete the domain. This isn’t relevant to what we’re doing right now, because we only have one field and one feature class, but it’s worth keeping in mind for the future. This is a good reason for planning ahead. It is not a trivial matter to make changes in the future….

j. So, let’s re-cap what you’ve just done. A domain is a listing of acceptable attribute values for a field, and, when you are editing a feature class in ArcMap, the domain includes the pulldown items from which you can choose for that item in that field of the attribute table. These are the only items you will be able to choose, and you will also not be able to type in a value that is not in the domain (another reason why it pays to plan ahead….).

7. Creating a topology for your geodatabase.
a. Topology is a set of rules that govern how the points, lines, and polygons will share geometry. As an example, a topology rule might be that there should be no gaps between adjacent polygons or that lines can’t cross or that lines can’t “dangle”. 

b. When we get to ArcMap, we’re going to draw a set of lines that define the plate boundaries and then convert those lines to polygons to create a file that has the plates. In order to do this, we need to set topology rules that assure that all lines did snap to each other in order to create those polygons.

c. Right click on your Feature Data Set (not the plate_boundaries Feature Class) and scroll to New > Topology.

d. Click past the intro screen, and ignore the next screen on cluster tolerance. Click Next.

e. The only feature class that will be participating in the topology is your plate_boundaries feature class, and it should be the only one listed. Put a check in the box next to it, and click next.

f. Because you have only one feature class, summary and ranking do not apply. Click Next.

g. This is where you add the rules that the topology will use to check the quality of the data (i.e., check to see if any of the data violates the rules).

i. Click the Add Rule button. This opens the Add Rule dialog box. Be sure the Features of Feature Class pull down is set to the plate_boundaries feature class. There should not be anything else it can be set to. 
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Pull down the Rule menu and set “must not have dangles”. The graphic beside the rule explains what it means. Also be sure the Show Errors box is checked. Click OK. The rule now appears in the main rule dialog box. 

iii. Add Rule again, and choose the rule “must not self intersect”. These are the only two rules needed for this exercise. There are a total of 26 different rules that can be set (yikes!).

iv. Click Next, and review the summary to be sure that both rules are set correctly and for the correct feature class. Click Finish.

h. Ignore the warning that no features have been found within the topology. You have not created any yet – the topology can be created after the feature class has been edited.

8. Your Geodatabase should now look like this when fully expanded in the ArcCatalog TOC.
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B. Drawing your plate boundaries in the Feature DataSet 

1. Launch ArcMap, and open your existing Woodlark Basin map. You can turn off any layers that you find distracting, but leave the plate boundary layer shapefile turned on.

2. Add your plate_boundaries Feature Class to the map. Nothing will appear on the map, but the Feature Class will show in the TOC.

3. Start editing, and be sure to choose your plate_boundaries feature class in the new geodatabase. Check to see that you are set to create a new feature and that the target is correct. 

4. Before drawing anything, set snapping and snapping tolerance for the feature class. In this case, you want to check the boxes next to vertex, edge, and end, as you did for your shapefile in the last exercise. If the checkboxes are still checked from your old shapefile, uncheck them, because you don’t want your new lines snapping to those features. Make sure that Edit Sketch Vertices is checked in the bottom list. You will draw a map perimeter as part of your plate_boundaries Feature Class, and you want to make sure that the perimeter snaps closed (the snake biting its tail).

5. Start by using the pencil tool to draw a box at the perimeter of the map area by setting a vertex at each corner and making sure that the last click snaps the box closed on itself at the first vertex.  With the outer perimeter of your map still selected, open the Editor attribute table. Click in the space next to type, and Voila! You should have a pull-down menu to choose from. Choose the map edge. Any plate boundary that goes off the map must snap to this perimeter.
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6. Continue by drawing your plate boundaries, being sure that each boundary snaps to the adjacent one without leaving spaces. Select the correct Value in the Editor attribute table for each boundary as you go along. Save your edits often. 

7. **Make sure that each plate is surrounded by either a plate boundary or the map edge. You can’t simply have a plate boundary die in the middle of a plate (if a boundary simply stopped in the middle of a plate, you could make an end run from Plate A to Plate B without crossing a boundary).

8. Save your edits often!!! When you are done, save your edits and stop editing.

9. Modify the symbology as you did with your shapefile.

10. Save your map, and close it.

C. Testing for violations of the topology rules 

1. If all of your lines have snapped to other lines, and if all of your lines meet the topology rules that you set (no dangles, no self-intersections), you can use the functionality inherent in a geodatabase to create polygons from the lines that you drew. This is what you’re aiming for – to use the plate boundaries to create polygons that define the plates in the Woodlark Basin area. 

2. ArcGIS can test the topology of your lines to see if any of them violate the topology rules that you have set. If you find violations, you will need to either correct them or make exceptions (depending on the nature of the error) in order to make polygons from the lines.

3. Be sure that your ArcMap is closed, and go to ArcCatalog.

4. Right click on your Woodlark_plates_Topology layer, and scroll to Validate. The topology validation will run. Click OK.

5. Click on the Preview tab. Click on the globe icon to make sure you are viewing the full extent. If the screen is clear, then there are no topologic errors (i.e., no rule violations). If you see pink squares, there are errors at vertices (such as a dangle). If you see pink lines, there are line errors (such as a self-)intersection. 
[image: image6.jpg]= [ Woodlark_Basin_geodatabase
9 woodirk_basnndb





6. If you don’t have any topology errors, you can skip Part D and go right to Part E. If you have topology errors, you need to fix them before you can make polygons, and Part D tells you how.

D. Fixing topological violations 
1. Start ArcMap, and open your Woodlark map. Add the Woodlark_plates_Toplogy feature class to the map, and OK to add all participating feature classes. In most cases, the nature of the topology error (in our case, dangles or self-intersections) are obvious from the map. If you can’t tell what the violation is, though, click on the Fix topology error tool. With this tool selected, rt-click on the pink error square, scroll to Show Rule Description to see what the error is.
2. Fixing a topology error where a line looks like it ought to join another but doesn’t. This topology error might be either a violation of the “no dangles” rule or the “self-intersection” rule, depending on the nature of the geometry. 

a. Start by zooming in on the error. Start editing, and set the task to Modify feature and the layer to plate_boundaries. 

b. Use the Editor selection tool, and double click on the line to bring up the vertices. 

c. Drag the end point toward the other line, closing the gap, until it snaps to the other line. Save the edit.

d. Once you have corrected the line, you need to validate the topology again to be sure that the line has snapped closed. Stay zoomed in, go to the Topology Toolbar, and click on the Validate Topology In Current Extent tool.
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e. If you’ve fixed the error, the pink square will go away. If the error isn’t fixed, try again.

3. Dealing with a topology error where a line dangles but isn’t meant to end at another line. Although this topology error is a violation of the “no dangles” rule, it can result legitimately from a fault that cuts across a contact and extends into an adjacent unit. 

a. Zoom in on the error. Go to the Topology toolbar. 

b. Use the Fix Topology Error tool, and click on the offending pink square. The box turns black. Rt-click, and choose Mark as Exception.

c. Validate the Topology in Current Extent again.

E. Generating polygons from your line feature class 
1. Once all errors have been corrected it is time to generate polygons from the line feature class.

2. Be sure that you have stopped editing, and saved all edits. Save the map and close ArcMap. Files cannot be open in ArcMap while modifying them in ArcCatalog. 

3. In the ArcCatalog TOC, right click on your Woodlark Feature Dataset, and scroll to New > Polygon Feature Class from Lines. Enter a name for your new polygon feature class, and check the feature class (plate_boundaries) that is to be used to generate the polygons. A polygon feature class is created and listed in the TOC. 

F. Adding a field with domains to your polygon file, and making your final map 
1. The polygons in the feature class that you just created have no attributes for sorting the polygons other than shape and length, and it would be nice to have a field such as plate name to use for symbolization and labeling. 

2. In ArcCatalog, open the Properties for your new polygon feature class. Add a field name called Plate, as you did for your Plate_boundaries feature class in A-4 on page 4.

3. Also in ArcCatalog, go to the Properties of your Geodatabase, and set domains as you did in step A-6 on page 4-5, with one domain for each plate name. Be sure that you associated this new set of domains with the Plate field in your Plate_boundaries feature class.

4.  Launch ArcMap, and add your new plate polygons feature class. Start Editing. Open the Editor attribute table, and click at the far left of the line with the first plate polygon to select the polygon on the map. Determine which plate it is, click in the Plate field, and pull down to the correct plate name.

5. Repeat for all of your plates.

6. You are now ready to colorize and label your plates. Remember that the symbolized plate boundaries are in you line feature class and that they will have to lie above the polygons in the TOC, if you want them to show.

Final Product
Your final product will be an exquisite(!) ArcMap that illustrates the important and interesting aspects of both the plates of the region and the locations and types of plate boundaries. Your map must, of course, have all the requisite elements, but, in addition, you must choose points to make and find ways of illustrating those points. Think of this as a hybrid between a map and a poster.

You will undoubtedly want to make your map larger than 8.5”x11”. You may have up to 21.5”x21.5”, although you may make one dimension shorter than that to have a rectangular map. When you export your map as a jpeg, set the resolution to 250. That will give your exported jpeg enough resolution so that it can be enlarged to the full size you want. If you leave the resolution set to the default, your export will be pixelated.
the pink squares show the locations of topological errors at vertices
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