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Important Links
United States Geological Survey (USGS) Mercator Lab GIS Tools:
https://astrogeology.usgs.gov/facilities/mrctr/gis-tools
• The USGS Mercator Lab provides helpful tools for planetary mapping in ArcGIS. This tutorial will
use the PGM Toolbox, a python toolbox that automates GIS workflows for creating polygons and
checking topology.
ESRI Topology Rules Poster : https://pro.arcgis.com/en/proapp/help/editing/pdf/topology_rules_poster.pdf
• This helpful poster summarizes the most common types of topology errors and how to resolve
them using ArcGIS Pro.
Learning Objectives
The purpose of this tutorial series is to introduce users to planetary geologic mapping using ArcGIS Pro.
At the end of this tutorial, users should be able to:
• Import a USGS python toolbox for planetary geologic mapping into ArcGIS Pro
• Run a topology check to ensure that geologic units are mapped as polygons in ArcGIS Pro
• Apply custom colors to polygons and create a draft geologic map

This tutorial series is a free educational product created by the Mars Research Group at
Tennessee Tech University. Please direct corrections or questions to jwolak@tntech.edu.
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Part I: Importing the USGS Planetary Geologic Mapping Python Toolbox
____

Step 1. Open an internet browser window and go to the USGS Mercator Lab (MRCTR) website for
GIS tools. https://astrogeology.usgs.gov/facilities/mrctr/gis-tools

____

Step 2. Download the PGM Toolbox.

____

Step 3. Unzip the file and place the toolbox into your working project directory. The figure below
illustrates using 7-Zip to unzip the file, but you may use whatever software you prefer.

____

Step 4. Open your mapping project in ArcGIS Pro. In the Catalog pane, right-click on the
Toolboxes menu and select Add Toolbox.
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____ Step 5. In the Add Toolbox window, browse to the working directory and select the
USGS_PyGM_Toolbox. Click OK.

____ Step 6. In the Contents pane, select the drop-down menu next to Toolboxes. The PGM Toolbox
should be listed along with 6 custom tools in the toolbox. [Note: The USGS recently updated the toolbox,
so the tools may look a little different than those shown in the figure below.]

3

Part II: Running the Topology Check Tool
The Topology Check tool from the PGM toolbox is designed to create polygons from linework. When run,
it will identify areas of issue that will prevent you from creating closed polygons out of the linework.
Before running the tool, it is a good idea to carefully scroll over your map and ensure that all of your
lines connect or overlap. In other words, try to make sure that all of the polygons will be ‘closed’ when
the Topology Check tool is run. This will reduce the amount of corrections needed once you start
running the tool.
____

Step 1. In the Catalog pane of ArcGIS, select the dropdown arrow next to the PGM Toolbox and
double-click the Topology Check toolbox. The Topology Check tool will open.

____

Step 2. For the Input Feature Class field, select the GeoContacts feature class. Leave the Cluster
Tolerance field blank and click Run.
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____

Step 3. The Topology Check tool has now created a new feature class called
GeoContacts_Topology in the project database. In the Catalog pane, use the drop-down arrows
to view the new feature class GeoContacts_Topology.

____

Step 4. In the Catalog pane, right-click on the topology feature class and select Add to Current
Map.
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____

Step 5. Check that the new feature class now appears in the Contents pane.

____

Step 6. Open the Edit tab on the toolbar. In the Manage Edits section, use the drop-down menu
to select GeoContacts_Topology.

____

Step 7. In the main mapping window, zoom out to view the full extent of your mapping efforts.
Then, in the Manage Edits section, select the Error Inspector.
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____

Step 8. A new pane will open at the bottom of your map window that identifies topology errors
on the map. Errors are listed in the table and symbolized on the map as red squares.

____

Step 9. Each error will need to be resolved, and an example is provided in the next step. Zoom to
specific errors by right-clicking the error in the Error Inspector window and choosing Zoom To.
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____

Step 10. Here is one example of an error identified by the Topology Check tool. In the image
below, a geologic contact line does not connect to the map boundary box (red box shows where
the error occurs). Thus, this polygon cannot be closed.
The Error Inspector tool provides suggested fixes and can be used to extend the line to the edge
of the map and close the polygon.

____

Step 11. Work through your map and resolve the topology errors by using the Error Inspector. If
you need additional information on errors, check out this helpful PDF from ESRI:
https://pro.arcgis.com/en/pro-app/help/editing/pdf/topology_rules_poster.pdf
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Part III: Creating Polygons
____

Step 1. Once you have resolved all the topology errors on your map, you are ready to create
polygons that will serve as geologic units.
Note that mapping is an iterative process, and you may identify units that were not correctly
created and re-edit linear features to ensure that lines overlap.
First, in the Catalog pane, navigate to the Build Polygons tool in the PGM Toolbox. Double-click to
open the Build Polygons tool window.

____

Step 2. In the Input Line Feature Class field, select the GeoContacts feature class.
If you have not created polygons before in this project, leave the Input Polygon Feature Class
field blank.
Enter a descriptive name for the output feature class. The name FanPolygons is used in this
tutorial.
Click Run.
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____

Step 3. The new polygons should automatically be added to the map. Inspect the output
polygons for errors and look carefully to see that all linework was included.
If some polygons were not created, it is likely that lines within the map boundary or certain
feature classes did not completely overlap. If you find these types of errors with the new
polygons, re-run the tool with all outputs the same and the Input Polygon Feature Class field set
to the previously created polygon set.

____ Step 4. When complete, you should get an output of polygons that covers the mapped area and
looks similar to the one below.
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Part IV: Assigning Unit Names and Colors to Polygons
____

Step 1. Now that you have polygons created for your geologic map, you may want to assign unit
names and corresponding colors.
First, right-click the new polygon feature class in the Contents pane and select Attribute Table.

____

Step 2. The attribute table will appear as a new pane below the map.
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____

Step 3. Edit the Type attribute by double-clicking on that field for each polygon and typing in the
green outlined box. Assign unit names for each of the polygons on the map.

Tip: It’s a good idea to have short, meaningful unit names. These can be abbreviations (Nhu for
Noachian Highlands Unit) or descriptive geomorphic names (channel fill). The figure below uses
simplified, descriptive names for the tutorial map units.

____

Step 4. Once you have assigned a Type to each polygon, it’s possible to assign custom colors or
symbology. In the Contents pane, right-click on the polygon feature class and select Symbology.
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____

Step 5. In the Symbology pane, choose the Primary Symbology tab and select Unique Value.

____

Step 6. In the Field 1 drop-down menu, select Type as the field attribute to apply symbology.
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____

Step 7. Once steps 5 and 6 are complete, classes based on the unit names will populate the
Symbology pane.
Click on the color boxed for each symbol to change the color scheme and/or select custom
colors.

The map below shows a simple series of polygons with custom colors.
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____

Step 8. It is sometimes helpful to make polygons transparent in order to see imagery under the
units. To set transparency parameters, open the Symbology window and use the drop-down
arrow next to the color swatch to select Color Properties.

____

Step 9. Set the transparency according to how opaque you would like polygons to appear.
Repeat Steps 8 and 9 to change the transparency on polygons as needed.
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____

Step 10. Once you have completed setting transparency and colors, click OK. Then, click Apply at
the bottom of the Symbology pane.
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