Exercise 7c – Plate Boundaries in the Woodlark Basin Region

Data sets (from Exercises 7a and 7b):
· 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: Monday, March 8 at the start of class.
Goal: to analyze the data sets in ArcMap and ArcScene to determine the locations and types of plate boundaries in the Woodlark Basin region and add those boundaries to your ArcMap using a line shapefile.
Turn in: an ArcMap that shows the locations and types of plate boundaries plus a short description of the evidence and rationale for each of the boundaries.
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New technique in this exercise:

· editing a shapefile, adding lines with attributes, symbolizing by attributes, and using geological symbols.
· understanding edges, vertices, and ends.
· working with snapping and snapping tolerances.
· working with values in symbology.
The Ground Rules

· The point of this assignment is to do your own analysis based on available data. Although many articles have been published on the tectonics of the Southwest Pacific, you MUST NOT consult these articles or search for maps or illustrations on line. When you turn in your assignment, you will also hand in a signed sheet certifying that you have not consulted any outside sources on the tectonics of this region.

· I am not looking for a “right” answer. Rather, I am looking for a model that is defendable with the evidence that you have. No two people will make all of the same decisions, and everyone’s maps ought to look somewhat different, at least in the places where the data are most equivocal.

· This is exactly what researchers would do with these data, and no two researchers would decide on exactly the same locations for the plate boundaries (or even for the number of plates involved!).

· If you need to do some general reading on the features of plate boundaries, you are more than welcome to use any of the intro textbooks in the back of the structural geology classroom. 
Part I. Analyzing your data in ArcMap and ArcScene

The first part of your job will involve using all of the data that you have in ArcMap and ArcScene to analyze 1) where the plate boundaries in the region lie, 2) what kind of boundary each one is, and 3) what the evidence is for both location and type for each boundary.

· Use the printed map of the region on page 9 for sketching your initial interpretations.

· Number each of the boundaries on the paper map, and, on a separate piece of paper, summarize the evidence for your interpretation of each one. Do this as you go along. Do not wait until later to makes notes on your evidence and interpretations. Consider this to be your detailed field notes.

· Be specific about the plates involved, and use names from the map on page 1 for the major plates (including the Bismarck Plate). If you define additional plates, give each one a name that reflects its location. Check your ideas and rationale with me before getting too far. 

· Use proper symbols on your map, as shown below. If a boundary location is uncertain, you can use a dashed version of the symbol. 
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Part II. Drawing your plate boundaries in ArcMap

Once you have made a draft of your plate boundaries on the paper map and written up your evidence for each, you’ll add the plate boundaries to your ArcMap by creating and editing a shapefile. We’re going to do this two different ways over the course of the next week. We’ll start by doing this with a simple line shapefile. Then we’ll re-do the boundaries using a Geodatabase that will allow us to draw boundaries, convert lines to polygons, and create a map that can be colorized and labeled by plates, as well as showing plate boundaries. Both techniques are useful for geologic mapping, and each has benefits and drawbacks. We’ll see what’s possible and what’s not possible with each technique. 

It’s critical to think ahead to what you want on your map. Making changes midstream is difficult - and sometimes impossible, depending on what change you want to make. If you get it right the first time, you don’t have to start over again. You will need to decide:

· how many types of boundaries you want to symbolize in different ways.

· what name you want to use for each boundary type. You will type a name into a field in the attribute table for each plate boundary segment that you draw, and ArcMap will display the names in the TOC and will use them for selection, sorting, and symbolizing.

You need to plan ahead for the following reasons:

· Both the Field Name and the terms that you type into the attribute table should mean something to someone else looking at the attribute table. Even if you have accompanying metadata that describes the terms (as, for example, the metadata for the NYS geologic map that lists the meanings of the formation abbreviations used in the attribute table), your attribute table should use meaningful terms. For example, a term such as “Type 1” isn’t nearly as useful as “divergent”. Make sure that your terms and field names meet the 3-week rule.

· You will set the length of a text field in the attribute table when you add the field, and you can’t change the length later. Consequently, you need to know what the longest word is that you intend to enter into the field and make sure that the field has enough character spaces.

· What you enter into the attribute table for a given type of boundary must be entered exactly the same way every time, or ArcMap won’t be able to sort, select, or symbolize effectively. 

· If you are working with a simple shapefile, you will have to type the term in yourself for each item. Choosing a long name that’s easy to misspell is not a good plan. On the other hand, you can change your mind about what terms you want to use once you start adding lines to your shapefile (providing that the field has enough character spaces).

· If you are working in a Geodatabase, you create pulldown menus ahead of time that you then use to automatically enter a term into the attribute table. This insures that terms are entered identically for all items of the same type; it’s also easy to change the attribute for any item by selecting a different attribute from the pulldown. But you can’t change the list that’s in the pulldown. So, you have to make sure that you get the list right the first time.

A. Terms for your plate boundaries attribute table 

1. For your Woodlark Basin map, you will want to be able to symbolize the following separately:


divergent boundary
uncertain divergent boundary


convergent boundary
uncertain convergent boundary


right lateral transform bound.
left lateral transform bound.


uncertain transform boundary 

uncertain boundary

2. Decide on what abbreviated text you will use in the attribute table for each type of boundary (bearing in mind the issues discussed above), and write it next to each of the terms above.

B.  Making the shapefile
1. In ArcCatalog, create a new polyline shapefile. ***This MUST be done in ArcCatalog, not in ArcMap!!
2. Assign it the same coordinate system as the other files in your current ArcMap. 
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You’re now going to add a new field to the attribute table before you start editing the file. Go to Properties > Fields tab. 

4. In the first blank line under Field Name, type a header name for the field in the attribute table. The field name can’t have more than 10 characters, so boundary might be a good choice. In the pull down under Data Type, choose Text. This tells ArcMap that you will be entering text into this field. 

5. Setting the field length

a. Under Field Properties, the default field length is 50 characters long. If you know that you will be entering fewer than 50 characters, you can shorten the field length by typing in a smaller number. But! Once you choose the field length and start editing, you can’t change the field length if you suddenly change your mind. 

b. The main disadvantage of leaving the default 50 characters is that you can wind up with lots of unnecessarily wide fields in your attribute table that you need to scroll through.

c. Decide based on your list of abbreviations in A-1 above how long you want the field to be, and type in the number of characters. It doesn’t hurt to make the field a few characters longer than your longest term (and spaces do count as characters).

C. Adding lines to your shapefile
1. Add your new shapefile to your ArcMap. Because there are no lines in the shapefile yet, nothing will show up on the map, although the shapefile will show up in the TOC. 

2. Editor > Start Editing > make sure that your new shapefile shows up in the Start Editing dialog box. Click OK.

3. You will want your plate boundary lines to join to one another cleanly, so you will need to set snapping to make sure that this happens. Snapping makes it easy to place points directly along lines or, in the case of what we’re going to do, make sure that lines start or end exactly at other lines, rather than undershooting (and leaving a space) or overshooting (and leaving a tail).

4. Go to Editor > Snapping. Drag the right hand side of the snapping window so that you can see all three columns of boxes (see below right). The snapping window has two parts.  
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The top section lists available layers that can interact with one another and where lines will snap to. In your list, you have all the shapefiles that you’ve added to your map, including the volcanoes, earthquakes, map clipping polygon, and your new line shapefile where you’re going to draw your plate boundaries.

b. When you draw your lines in ArcMap, you will start at an endpoint and add vertices at each point where you want the line to change direction. The straight line segments between vertex points are called Edges.
c. By clicking the Vertex, Edge, and End boxes next to your plate boundaries shapefile, you’re telling ArcMap that you want a line to be able to snap to an end, a vertex, or an edge of a pre-existing line.

d. If you wanted to do other things (e.g., force a new line to snap only to the nearest vertex instead of the nearest edge), you wouldn’t check the “edge” box.

e. For what you are doing, you will only check boxes next to your shapefile, because you want snapping only among lines in your shapefile. You don’t want your plate boundaries snapping to, for example, the nearest volcano.
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By checking the Edit sketch vertices box at the bottom of the snapping window, you are telling ArcMap that you want a line to be able to snap closed on itself cleanly (like a snakebiting its tail).

5. You also need to set something called the Snapping Tolerance. 

a. The Snapping Tolerance governs how close the cursor must be before it snaps to a vertex, edge or end (if they are checked). It also governs how far away from a vertex you must move the cursor before you can create another vertex. 

b. You can set the snapping tolerance to be measured either in pixels or map units. We will use pixels, because we are working in a GCS. For a PCS, map units are more commonly used.  

c. Choosing the correct snapping tolerance is important. If the snapping tolerance is too big, you will not be able to place vertices close enough to trace a feature accurately. To see how large the snapping tolerance is on a given map and at a given zoom factor, choose the Editor pencil tool, move the cursor over the map, and hold down the “T” key. The ring that appears around the colored circle will show the snapping tolerance as it is set in the Editing Options. If you don’t like the snapping tolerance, go to Editor > Options > General, and change the snapping tolerance.

6. Turning on the snapping tips
a. Snapping tips can be a really useful. If snapping tips are turned on, you get a little window that tells you not only that the cursor has snapped but also which item (vertex, end, or edge) it has snapped to.

b. To turn on snapping tips, go to Editor > Options > General, and check Snap tips.
7. Experimenting a bit before you get down to business
a. Be sure that you are Editing, have chosen the correct Target shapefile, and have Create New Feature selected.
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b. Click to set the endpoint anywhere (you’re just practicing), move the cursor to the right and click to set the first vertex. Click your way along to draw any old line (doesn’t matter – remember that you’re just practicing) – the closer your vertices, the smoother the line will be. If you make a mistake as you are drawing a line, just click the “go backwards” arrow in the main toolbar. Each click will delete one vertex.

c. When you’re done with the line segment, double click, and the line will be highlighted cyan. 

d. Before deselecting the line or moving on to draw a second line, click on the attributes icon in the Editor toolbar, and open the attribute table of your shapefile.
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Click in the blank space to the right of your field name (boundary in the example at right), and type in the abbreviated text you have chosen for a convergent boundary. Be very careful about spelling, and make sure that you don’t add any extra spaces. Press Enter after adding description.

1. Draw another line, this time starting on the right and drawing the line from right to left (if you followed the instructions in 6b above, you should have drawn your first line from left to right). Double click to end, and enter the name that you have chosen for uncertain convergent boundaries for this line. Press Enter.
2. Draw a third line, and enter the name that you have chosen for divergent boundaries. Press Enter.
3. Draw a fourth line, and enter the name that you have chosen for divergent boundaries. Press Enter. 
4. Let’s suppose that you just blundered and had meant to draw a right lateral transform boundary. Uh-oh. This is easily fixable!! Get the Editor selection tool (the black arrow), click on the offending third line, select the word divergent in the attributes, and replace it with the abbreviation you have chosen for right lateral transform boundaries. 

5. If you want to draw again, you’ll need to select the Editor Pencil tool again.

6. Save your edits, and stop editing.

f. To edit your lines
1. If you need to edit a line, get the Editor selection tool, and double click on the line that you want to edit. All of the vertices will show up as green squares.

2. If you want to move a vertex, left click on the vertex, and drag it to where you want to move it. Click anywhere off the line, and the line will re-shape.

3. If you want to add a vertex along a line segment between two vertices, double-click a line to bring up the vertices, and then right-click where you want to add a vertex, and choose Insert vertex. You can then reshape that part of the line by left clicking on that vertex and dragging. You can delete an unwanted vertex by right-clicking on the vertex and selecting Delete vertex.

g. To symbolize your lines

1. Symbology > Categories > Unique Values. Choose boundary in the Value Field, add all values. **Be sure to leave <all other values> checked.** This is different than what you’ve done before.
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2. You should have four categories (convergent, convergent_uncert, divergent, and right_lateral).

3. Double-click on the convergent color line. Click the More Symbols button and scroll to Geology 24K. This adds geologic symbols to the list of available symbols (scroll down way to the bottom to find them).  

4. Choose Thrust fault, first generation certain, and click OK. The line in the TOC next to convergent changes from a simple colored line to the thrust fault symbol.

5. Choose Thrust fault, first generation, Inferred, queried for convergent_uncert.
6. Choose Double, Plain for divergent.
7. Choose Strike-slip, right lateral, certain for right lateral.
8. Click OK. You can colorize and change the weights of the symbols, if you want.

9. Notice that the triangles point different ways on your two convergent boundaries. If you draw from left to right, the triangles point up. If you draw from right to left, the triangles point down. But you can fix this!!  Start editing. Select the offending line. Double-click the line to bring up all the vertices. Rt-click, select Flip. Click anywhere off the line to de-select it, and the triangles will be pointing the other way.
h. Experimenting with snapping

1. Zoom in until you can see the end point and first segment of one of your lines clearly.

2. Start editing, select the right layer, and choose the pencil tool.

3. Move the cursor slowly toward either an edge, an end, or a vertex. When you move within the snapping tolerance, the cursor will snap. Click to set the cursor, and draw another test line. Open the attributes, and enter a value. If it is one that you already have a symbol for (and you don’t misspell), the new line will have the correct symbology after you press Enter.

i. Adding a line with a new Value. 

1. Before starting this, check your Symbology window to make sure that <all other values> has a check mark next to it. If <all other values> is NOT checked, any line that you draw and then assign a value that you haven’t used before will vanish after you deselect it (although it is actually there, ArcMap won’t symbolize it, so you can’t see it – so this makes a horrible mess…).

2. Start editing, and add a new line. In the attribute table, enter a plate boundary type that you haven’t used before. Press Enter. Do one more, and enter another type that you haven’t used before. Save edits, and stop editing.

3. Open your Symbology window again. At the bottom of the window, click Add Values (NOT Add All Values!!! – you just want to add the new ones). Select the new ones that you want to add, and click OK. By adding only those new values, you won’t have to go back and re-symbolize the ones you’ve already done. If you had added all values, you would have had to resymbolize everything….and you don’t want that hassle.
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4. Choose symbols for each new boundary type that you have added. And, of course, you can choose new colors and weights for all of your symbols so that they show up well at the scale you choose for your final map.
D.  Making your plate boundary map
1. Start Editing, get the selection tool, and delete all your experimental lines. Click on each to highlight, and delete. 

2. You can check the attribute table to make sure you’ve deleted everything. If there are any lines that you can’t find, just click at the left of the line in the attribute table to highlight it on the map in cyan and delete it.

3. Draw your plate boundaries carefully and spell the value fields carefully. If you’ve spelled carefully, and you’ve already set a symbol for a particular type of plate boundary, the correct symbol should show up automatically. If it doesn’t, check your spelling.

4. If you assign the wrong boundary type to a line, just select it with the Editor selection tool, and type a new boundary type into the Value field in attributes.

5. Remember that you can easily change the direction that the triangles point on a symbol marking a subduction zone. Triangles have to point in the direction of subduction on your map. Just follow the instructions in e-9 at the top of page 7 if a line on your map shows the symbols pointing the wrong way.

6. Remember that a line cannot have two different symbols along its length. If part of a plate boundary is certain and part is uncertain, you will need to draw two lines and symbolize them separately. Snapping will allow you to tie one line neatly to the other.

The final product

Build on your base map, and create an ArcMap that shows your interpretations of the plate boundaries using symbols that convey boundary type. Post a jpeg of your ArcMap to the MSS Shared folder. Print out a copy of your rationale for each boundary, keyed to numbers on an accompanying printout of your hand drawn draft map.



By signing below, I certify that I have done this analysis solely on the basis of the data set that is part of this project. I have not consulted maps or papers that deal with plate boundaries or tectonics of the Southwest Pacific.

Signed:

Date:

� 	Thanks to Dr. Andrew Goodliffe, University of Alabama, for the high resolution bathymetry of the Woodlark Basin. Map above from � HYPERLINK "http://denali.gsfc.nasa.gov/dtam/data/ftp/gtam.gif" ��http://denali.gsfc.nasa.gov/dtam/data/ftp/gtam.gif�


	map above from http://denali.gsfc.nasa.gov/dtam/gtam/
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