Lab 1: Introduction to Martian Geology, JMars, and Yellowknife Bay
Part 1: introduction to JMARS
This exercise includes an introductory youtube video prepared to introduce you to the basics of martian rocks, martian geology, and importantly to the data sets available for this project. That video is available here and should be viewed before you start task 1: https://youtu.be/BiM58nUkP1g. 
First you will need to go to the JMARS website (http://jmars.asu.edu/ ) and register for an account by clicking a button in the top right that says, “Log In/Register”.  You need to do this before you will be able to do anything else in the lab.  You can download the program onto your own computer under the lower right window that is called, “JMARS Public Downloads”. I highly recommend doing the tours of the JMARS interface that you also will find on this front webpage.  READ THE WHOLE LAB THROUGH FIRST BEFORE STARTING ON THE LAB.
Tasks:
1. Log into JMARS and make sure that the Map window and the Layer Manager window open up.  Maximize the Map Window to take up most of the screen.
2. At the top, you will see a header for “Body”.  Click this, “Select Body” and choose Mars. 
3. Click the “Add New Layer” button to change the base map to a THEMIS daytime IR v. 13.1 global mosaic. Select Instrument in the drop down menu, select Themis, and select the ‘THEMIS Day IR 100m (v13.1)” from Global Mosaics. Then, SEPARATELY add the MOLA Shaded Relief/ Colorized Elevation layer by selecting Home from the drop down menu and selecting “MOLA Colorized Elevation” from the Common Global Maps option. Make sure the MOLA layer is on top, and then try sliding the transparency scale in the Layer manager window, and leave it at about half-way, but choose something that is appealing to you. You can delete the MOLA shaded relief map that opens automatically - this will just save some time when refreshing and rescaling your maps later (Hint: try a right-click to find the delete option). 
4. Now that you can add layers, go to map overlays add a north arrow!  Add a scalebar!  Do this by selecting Add New Layer, selecting the Overlays category from the drop down menu, and choosing the necessary element from the Map Cartography subcategory. Put tickmarks on the scalebar.  (Hint: double click the layer in layer manager). Move the lat/lon grid to the top in the layer manager by sliding it up. Adjust the spacing on the Lat/Long grid, and change the colors if you’d like.
5. Go to Gale Crater – the landing site of the Curiosity rover.  To do this, you should go to the nomenclature layer (which should be open automatically, but otherwise you can add this layer) and click on it to open up the layer settings.  Go to Landmark type: crater and then Landmark: Gale.
6. Zoom in so that the crater fills your window (Hint: if you try a right-click on a feature, a Zoom and Recenter option appears. There is also a Zoom option at the upper right hand corner). 
The zoom units are pixels/degree. Gale Crater is a nearly-circular feature with a mound or mountain at the center. What size image in these units allows Gale Crater to fill your screen?A: either 128 or 256.
7. Take a picture by clicking File -> capture to jpeg.  Make sure that when you name the file, you add a “.jpg” to the end of the file name in the File Name box and ALSO make sure it is a JPEG in the “Files of Type” box.  Otherwise it will not save properly.  You will need to include this image in the final assignment you turn in. Make sure the north arrow and scalebar are visible. 
Example image is saved.
8. Click the “Measure” tool at the top of your window. Click on one rim of the crater and draw a line to the other side of the crater, going through the approximate center. Try several lines, to see how similar they are. How wide is this crater? Hint: the length of the line is shown in text at the bottom left of your screen.
Answers in 140-150 kilometer range are acceptable. 
9. Add the MOLA 128ppd Numeric Elevation. You will notice this is not in the Home Category of common maps.  Go to the top, select Instrument, and then select MOLA.  Be sure to get the right one, it is under “elevation”.  Make it mostly transparent to see through to layers below.  Double click this layer and go to the tab for “chart”. On the map, with the Selection tool active, draw a line by clicking one side and double clicking the other side to create a MOLA profile of the crater. Try several elevation profiles to determine the elevation of the crater rim, floor, and central mound. Save 2 profiles that include the crater rim, crater floor, and central mound in them.  You will notice that as you move your cursor on the profile, underneath it will show you a value of the elevation.  (Note:  The y-values on the graph are in meters. A total of nearly 600,000,000 observations are represented by the MOLA dataset. The minimum and maximum topography observations for the entire data set are -8208 and 21249 meters. Topography is the planetary radius minus the equipotential surface (areoid) radius at a given longitude and latitude.)
How deep is the crater (i.e. what is the change in elevation from the crater floor to the rim of the crater)?
What is the maximum elevation of the mound?
10. Make sure the Nomenclature layer is visible and find the location labeled “Yellowknife”. During its landing, the Curiosity Rover was going to come down somewhere in an ellipse that was 20 km x 7 km, but engineers couldn’t plan where in the ellipse it might land precisely. Take several profiles in the Yellowknife Bay area that are 20 kilometers long. Find a profile with limited elevation change and with few steep slopes. What is the elevation change across your full profile (in meters)? What is the steepest slope you observe (in degrees)? Describe the topography of this landing area given your observations. How easy/difficult would it be to walk around the landing area?
Playing around with the actual ellipse I find something like 15 meters of elevation change and something like 0.2 degrees slope over a 5 kilometer section. Smaller slopes are possible, as are slightly higher. Should answer some version of “Very very flat”.
11. The goal of this rover mission is to traverse up the mountain at the center of the crater. Using either new profiles or the profiles you already saved, describe the hike up to the summit. What would this hike be like for a human (assuming that they had oxygen supplies)? How would you characterize the mound?  i.e. is it flat-topped, what is the slope (steep, gradual, what is the angle?), etc.  Be as descriptive as possible.
It’s over 3 kilometers up, with an average slope of 15 degrees, unrelenting. While this isn’t a huge slope for a human, the vertical relief is extreme. 
12. The Curiosity Rover itself has been tested on small slopes up to 30°, but particularly if it has to go over loose sand, it is limited to 11.5°. Can the Rover accomplish the traverse you just outlined? If not, can you identify a traverse near this landing site that would be safer? If you were a human trying to climb a mountain, what would you do to find a safer route? (hint – while doing a traverse, click once for a starting point, then every additional click would create a waypoint – a spot where you can turn, to create a path that follows a walking path). 
There is a notable valley visible to the west of the landing site where the slopes are lower. There is a ridge in the middle that you have to click several points to find a way around. This is comparable to how a human would have to find a safe route up. It would not reduce the height that has to be climbed, but does drop the slope.
13. Creating a stitched, colorized image of Yellowknife Bay. Next, center your map on the Yellowknife point using a zoom of 32768. The Curiosity Rover landing site is about 800 meters southeast of this point. We are going to find it, and begin our geological investigation of the site.
Go to Instrument > HiRISE, and select “HiRISE”.  There, under Add HiRISE Full Stamp Layer/basic parameters, click the button the says “Set Lon/Lat to bounds of view” then select ‘okay’. Move the HiRISE full stamps up your list if needed, and zoom in if necessary to see the strips appear; I found it worked well at a zoom of 16384. You will see a number of blue strips appear – each of these strips shows the area covered by a frame of the HiRISE camera. Then, click and drag your mouse to create a square; this square will turn any HiRISE frames that touch the selected area yellow. When these areas are yellow, they will now be selected in the table “outlines” shown under the HiRISE layer options. Right click on this table and tell it to “Render selected HiRISE full stamps”. Now, the selected frames will appear under the “Rendered” tab. Be sure not to render too many or this will crash the system.  I was able to get 30-40 images with it taking about 1 minute for them to render. 
Make sure that HiRISE is at the top of the list in your main table so that HiRISE images show up on top. As of now, all the HiRISE images you just rendered are showing; go to the “Rendered” tab under HiRISE options, select the “Render selections only” option, and click on an item in the table – now only that HiRISE image will appear. Scroll through the list, select the colored images, and move them to the top – this will put the color frames on top. Scroll through these images one at a time - If an image is bad (i.e. blank or with a clearly wrong color), delete it.  If one image is better than an overlapping image, move it to the top.  Move around and change images until you can see multiple, distinct surface features near the Rover landing site; one surface is generally smoother, another is rougher or more cratered, and a third appears to have some sort of striations or fracturing to them. There is a major geologic contact between these 3 units in this area that you can recognize from orbit. It will take you some effort to find a HiRISE image that effectively provides coverage of this area, so flip through the images, let them render, and then once it’s done decide if it’s the image you want to work with.

There are several good images that cover this area, in color. 027335_1755_color fills the whole frame, 030313_1755_color includes the rover while parked at Yellowknife Bay. 035350_1755_Red gives B&W coverage, 030168_1755_Red has clear and visible rover tracks, but the best one for noting the debris is listed above. 
[bookmark: _GoBack]Students may have difficulty identifying the surfaces at first, there is a distance note and it’s possible to do on many of these images, but this is an excellent stop for coaching. I’m going to have a”Waypoint” here, where students check in once they’ve found the image, as they would in the field. For instructors, The landing position is 137.4418E, -4.5905 N, and the rover itself has moved off to point 137.442734E, -4.592064N. 
Eventually, you should find image ID: ESP_028678_1755_Red:HiRISE_Full. On this image, at a zoom of 32768, you can spot what was left behind after the rover landed. You should also be able to see 2 dark “dots” and a bit of bright material off to the west. All of these are visible to me at zoom of 16384, but higher zooms will work also.
Go to File, select “Export at higher resolution”, and Export this frame to a high-resolution image. It may take a few minutes to run in the background, but you want to save a high-resolution version of this area as a merged image. Don’t interrupt it by clicking on or moving the image. The Green box on the HiRISE frame will turn yellow while it is processing. The highest resolution created a 1 mb file for me and took several minutes to export.
On this image, identify the dark zones. The largest broad zone is where the Curiosity Rover itself landed – the area looks dark because dust was cleared away as the rover was dropped down. The next dark zone is where the skycrane device crashed and exploded; that device held hydrazine thrusters and lowered the rover into position until it was cut away and allowed to crash, burning off the excess fuel in the process. Finally, a piece of the spacecraft shell that held a parachute is visible as a bright spot. Annotate those 3 objects on your saved image (you may want to open in Powerpoint and add text boxes, or perhaps insert it into a word document to do so).
14. Using the Rendered tab – select only 1 image that you think shows the geologic contact(s) at Yellowknife Bay based on your observation of the satellite photos. In the main screen, right click on the image, and under “View HiRISE full stamps” find the same image number. Then, web browse the HiRISE Image to get the original HiRISE strip.  Download the “merged RGB” JPEG and save it.  Don’t download the JPEG2000.  These are HUGE files.  

Now you have 2 files you can choose from to map on. Either the composite image from step 13 or the full strip from step 14.
15. Add the “Custom Shape Layer” option under the Home list. When you right click on the image, you will have the option to create lines and polygons on this image, which you can then make partially transparent and save. 

Create an initial, estimated geologic map, by overlaying polygons on the HiRISE image. Define contacts between units as well as you can. Create a legend as part of the map – although you cannot give rock descriptions yet, you can label the units based on what properties distinguish them (darkness, outcrop style, cratering). These contacts will guide our traverse in part 2 as we develop a detailed map and cross section.
Some additional hints:
If something is not working, it is probably because the layer you are trying to work on is not active.  Make sure the layer is highlighted in the Layer Manager. 
There is often more than one way to do something, such as right-clicking to zoom or using the zoom box on the upper right side of the Map Window. Play around and have fun exploring!
Once you add a layer in the Layer manager, double click on it (or click the tab at the top to see what additional features are available for that layer.  

Items you should complete:
Answers to questions in steps: 6, 8, 9, 10, 11
Saved image of Gale Crater combining THEMIS and MOLA (Step 7)
2 Topographic profiles (Step 9)
Proposed Traverse (Step 12)
Stitched, annotated HiRISE image (Step 13)
HiRISE full stamp (Step 14)
Geologic Map with legend (Step 15)

Notes to instructors are given in red – should be removed before using this as an exercise. Point to highlight for this exercise: much of this is straightforward, building profiles and such, but the efforts to find landing sites and traverses may need some instruction first – how would you do that in the field?

The last exercise, creating a map, is built so that students have to struggle with it a little bit. They will create polygons based on orbital imagery and there is clearly some contact between the layers, but it’s unclear in this exercise how they fit together. This would be a great place to include instruction about “Inferred contacts” and degrees of certainty.

