Module 2b: Jezero Crater Map- Unit Contacts				            5 points total
What to turn in:
· This Completed worksheet (this document, saved as YOURNAME_Module2b.docx)

Goals: 
· Begin mapping unit contacts within Jezero crater
· Learn how to add high-resolution data if needed


Part 1: Mapping Unit Contacts 
Now that you can differentiate map units and navigate JMARS, it’s time to get mapping! This module is meant to introduce you to the workflow that we’ll use and to get you going with mapping contacts, but the mapping process itself will likely take a week to complete your maps. In order to keep this project (relatively) simple, the mapping workflow that we’ll employ for this project will loosely follow this workflow:
1. Trace unit contacts using the custom shape layer in JMARS, preserving levels of certainty with separate layers (certain, approximate, inferred).
2. Export jpeg of base map with contacts, then color the map with program of choice (depending on what you have available):
a. Microsoft Paint
b. PowerPoint
c. Illustrator
d. ArcGIS/QGIS
3. Prepare final field map in PowerPoint or Illustrator (add symbol key, apply labels, etc.)

This process is iterative and collaborative. Any geologic mapping, even that done on other planets, should be guided by objective criteria and the central objective or research questions of the study. Our purposes are two-fold: first, to decipher the geologic history of Jezero crater; and second, to determine potential targets of investigation for the Perseverance Rover. As with any mapping project, there often are resources and publications to help with your mapping, and since NASA is sending the next rover to Jezero there are many resources at your disposal to help you along with this project. You are welcome to use any of these resources as a guide, but realize that you are not using the exact same data sets and our mapping methods and purposes differ. Please work with your group mates as you map, collaboratively working through problems together, but remember that you are each responsible for your own map.

The Custom Shape Layer in JMARS
Creating a geologic map would typically be accomplished through walking out contacts and tracing their location on paper maps or through incorporation of GPS/GIS systems. Since it would take literally billions of dollars and years of time to actually go the field site, we’re left with employing photogeologic mapping methods. This comes with its own set of challenges and restrictions, but make no mistake, these methods have produced amazing results for understanding planetary evolution of other terrestrial planets and moons in our solar system! As we established in the previous module, our mapping will be based on a mix of THEMIS (100 m/pixel) and CTX (6 m/pixel) data, and, to simplify things, we will trace contacts only in JMARS (rather than creating polygons) then prepare the final version of the map in other programs. 
It will take some trial and error to become accustomed to using the custom shape layer, but the JMARS website contains helpful tutorials: https://jmars.asu.edu/using-shape-layer

Tracing Contacts
We will trace contacts and communicate certainty in their position by mapping them as ‘Certain’, ‘Approximate’, or ‘Inferred’ (you set up these custom shape files in part 1 of the previous module). This differentiation based on certainty contributes to our goal to produce accurate and honest geologic maps. For additional discussion on contact types in the context of planetary mapping see pg 11 in Tanaka et al. (2011) in the course reference library. 

1. Open JMARS and load your JMARS session from the previous module. This should include the THEMIS and CTX data layers and the three contact custom shape file layers. 

2. To get you started, some examples of unit contacts have been made available in the Unit_Contact_Examples.jlf layer file. Load this into JMARS.

3. Make sure that you have the CTX mosaic visible and navigate to the southern limits of the Dark Toned Floor unit (DF) near the type locality that you described in the previous module. 

4. Here the lobate margins of the DF unit are sharp and fairly certain, making it a great starting point for tracing contacts. 

Generally, what units are in contact along this margin? (refer to your unit descriptions)




5. Now, add a line to trace the contact. Do this by selecting the ‘Contacts- Certain’ layer, then select the ‘Selection’ tool in the toolbar. Right-click in the main window and you will be presented with several options for adding points, lines, polygons, ellipses, etc. to that shape layer. Select ‘Add Lines’, now anytime you click in the main view a point of that line will be added. Pressing ‘Esc’ on your keyboard will undo the previous point, and double-clicking will finish the line. 

6. Add a line segment along the contact of the DF unit (it can be as short or as long as you want). You just mapped your first contact on Mars!

7. To add a label (to keep things organized and also to make sure you’re following the same contact, e.g. DF-MT or DF-SC) double click on the contact layer.
a. The Adjustments of the pop-up window shows all points, lines, etc. that belong to that layer, listed as features.
b. In the Features window, scroll to find the Label column. Double-click on the label cell for the line and add the text to show what units the contact is between (e.g. DF-MT). 
c. Line appearance (weight, color, style) can be changed through the pop-up window tool bar by selecting FeatureEdit Styles. 
i. Contacts- Certain should be solid
ii. Contacts- Approximate should be dashed
iii. Contacts- Inferred should be dotted 

8. As you trace contacts, make sure to note the nature of the contacts (sharp, gradational, etc.) and the geometry of the contacts (flat, undulatory, irregular, etc.)

9. Follow the same process over the next couple of days to continue tracing out contacts, employing your unit descriptions (adding to them as you go along) and geological reasoning to fill the map area polygon with unit contacts. We will have a map check on Monday June 8, to check progress, but you will have ~1 week to work on your maps and prepare them for the final report submission on June 17.

Make sure to save your session frequently so as not to lose valuable work.

Incorporating HiRISE Imagery
Thus far, the highest resolution imagery you’ve used is the CTX mosaic (6 m/pixel). While this data set is incredibly detailed, sometimes it’s still difficult to clearly make out the nature of a contact between units. On Earth, you could simply then get closer to the outcrop (and even then, you still might have to deal with uncertainty), but that clearly isn’t an option here. Instead, for tricky areas that you come across as you map, you will incorporate imagery from the High Resolution Imaging Science Experiment (HiRISE) currently orbiting Mars aboard the Mars Reconnaissance Orbiter. The resolution of this instrument (~20 cm/pixel) is so high that we can image the small wagon-sized Mars Exploration Rovers Spirit and Opportunity! While HiRISE imagery completely covers the Perseverance landing ellipse (to support mission planning), it does not cover the entire crater, which is why we are using CTX imagery as our map base. 
To bring in HiRISE imagery to shed light on tricky map problems:

1. Center the main view at 78.105E, 18.565, with zoom level set at 32768. 

2. At this zoom level, this view shows the contact between the Mottled Terrain unit (MT) at the upper left of the screen and the Valley Network (VN)/Surficial Cover (SC) units towards the lower half of the screen. Note that the CTX imagery is slightly pixelated.

3. Add the HiRISE stamps. Select Add New LayerInstrumentHiRISE and select the HiRISE layer. The Add HiRISE Full stamp layer window will open. Click the button ‘Set Lon/Lat to bounds of View’, then click the Okay button. 

4. A HiRISE Full Stamps layer should now appear in the layer manager, and blue boxes outlining the extent of HiRISE images available in your view will appear in the main window. 

5. Open the HiRISE Full Stamps layer. Open the ‘Outlines’ tab, which shows the images available in view (there should be three if you used the lat/lon and zoom listed above). Right-click the ESP_011630_1985_RED image, then select ‘Stamp ESP_011630_1985_REDRender HiRISE_Full. This will load the HiRISE image into the stamp, allowing you to view the high-resolution image in JMARS. (Note: you might have to wait a few seconds for the image to load, especially at a high zoom).

6. With this stunning view of the surface of Mars, you can see additional detail within each of the units. Look at the VN/SC unit:
What are the sedimentary structures that you can observe? What differences do you notice between the structures near the field of view center, vs the right side?


As you move forward through the mapping project use this workflow to pull in the high-resolution imagery as needed.
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